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BBC Sideways RAM 


A natural progression from our BBC ear 
Programmer. This project does away with the 
problems associated with debugging programs 
written straight to EPROM. 


Spectrum Tape 
Back-up 
Following the information presented in this 


feature, you'll be able to make back-up copies 
of any valuable Spectrum software. 


SAT 16 
The start of a major new E&CM series that 

describes a dual processor 16 bit system based 
around the 68000 and 68701 devices. 


24 


Micro Graphic 
Techniques 35 


Mike James continues his series on computer 
graphics with a look at the important area of 
controlling sprites. 


Interface 2 38 


A closer look at Sinclair's latest Spectram add- 
on previewed in the last issue. 


Electron A/D Board 40 


The Electron has been widely described as a 
stripped down BBC micro. This month, in the 
first of a series of projects, we present a design 
for a 4 channel A/D converter that makes up 
for one of the computer's shortcomings. 


The BBC MOS 50 


Of the 32K of firmware on the BBC micro, half 
is devoted to the Machine Operating System. 
We take a look at the MOS and explain how it 
can be used both by BASIC and Machine 
Code programmers. 


Currah’s uSpeech 


reviewed 

By making use of a ULA, Currah have 
managed to produce a sub £30 speech 
synthesiser featuring a text-to-speech 
interpreter. Gary Herman evaluates the device. 


ZX Disco Light 
Controller 59 


This month we describe some software for the 
controller from elementary on/off routines to a 
sophisticated machine code dimming routine. 


Software Selection 64 


News of some of the software available for the 
Spectrum, Dragon, Oric and BBC/Electron. 
With the festive season approaching the accent 
is on games. 
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Circuit Tips 67 


A new occasional feature. This month a novec 
Pulse Recovery circuit. 


Using Z80 and 6502 
Vectors 7] 


In the first of a two part feature, Adam Denning 
introduces Vectors and begins to explain their 
use. 


Hi-res computer's 


A/D Board 75 


Construction and calibration information for this 
the latest card for our popular 6809 system. 


Speech Synthesis 


Systems 


Ian Campbell rounds off his look at speech 
synthesis systems with a look at National's 
Digitalker and at the techniques of LPC as 
used by the likes of Texas and National. 


Single Chip 
Microcontroller 


This month's instalment concludes the 
description of the features provided by the 
68705. 


6502 Processor Card 94 


A low cost and easy to use 6502 processor card 
that can be expanded to form a sophisticated 
disk based system. 


Book and 


Software Reviews 


Harry Fairhead takes his regular look at 
recently published books and software. 
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See Page 70 for details of this month’s free to enter 
competition with a Lynx 48K computer as the 
prize. 
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EDITORIAL 


Atthe moment, any conversation with those involved in the supply of 
components for the amateur electronic market tends to veer towards 
gloom and doom. The same can be said of discussions with people 
working for the popular electronic press. 

The conventionally held view in both these camps is that people 
who a few years ago would adopt Electronics as their hobby interest 
are today attracted towards the glamour of home computers as their 
leisure interests. With this negative view from the trade there is a 
danger of a ‘chicken and egg’ situation in which both the retail and 
publishing arms of the Electronic industry gradually remove 
themselves from the amateur market and thus contribute to the 
decline in this area. 

Personally, as one who has been involved in various aspects of the 
amateur electronics business for a number of years, 1 would be 
extremely sad to see the decline of the hobby electronics market. For 
this reason I was particularly pleased to see that BBC School Radio 
has produced two series of programmes specifically aimed at 
introducing electronics to primary and secondary school pupils. 

The first of these programmes is “Junior Electronics’ and is aimed 
at children in the 9 to 12 year old age bracket. The BBC has 
collaborated with the Microelectronics Education Programme and 
the Department of Industry during the production of the series. The 
result is that a kit of electronic bits and pieces has been assembled to 
accompany the series. This means that pupils are offered the chance 
of tackling practical projects. 

The second series is aimed at secondary school children taking 
‘O’ level or ‘O’ grade CSE examinations. The series forms an 
introduction to basic microelectronics and leads to an introduction of 
the ideas of control technology. Again the series is accompanied by a 
kit of parts that allows the principles developed during the broadcasts 
to be further reinforced through practical work. 

This series is called ‘Microtechnology’ and the ten programmes 
begin transmission on Friday January 20 at 10.45 a.m, (‘Junior 
Electronics’ starts on Tuesday, February 28 at 2.20 p.m. — both 
programmes go out on Radio 4 VHF). 


Another new series from BBC Schools is* Using Your Computer 
which began transmission on November |. This is aimed at primary 
and middle school children in the 9-12 year-old bracket. The aim of 
this production is to introduce children and teachers in the schools to 
the computers supplied under the Dol ‘Computers in Schools’ 
scheme — the BBC Micro, Spectrum and the Link 480Z. 

The series is designed for recording and, used in this fashion, 
allows the radio broadcasts to be synchronised with the computer 
software that accompanies the broadcasts. 

This first series introduces pupils to the computers themselves but 
plans are well advanced for using a similar format to teach subjects 
ranging from languages to astronomy. 

The BBC may be accused of being slightly slow off the mark with 
this sort of material but these programmes, and others close to 
completion, mean that the BBC now have a firm commitment to the 
teaching of new technology. 

It's also refreshing to see that the Corporation are not neglecting 
to introduce the fundamentals of electronics to school children and to 
emphasise that an understanding of electronics is essential if 
computer and control systems are to be put to the best use - A 
philosophy that Electronics & Computing has been promoting since 
our first issue over two years ago. 


Making An Exhibition 


A few days after this issue is due to appear on the news stands the 
Breadboard °83 exhibition is due to start at London’s Cunard 
International Hotel. The exact dates of the show are from Friday 
November 25th to Sunday the 27th. Opening hours are from 10 a.m, 
to 6 p.m, on the first two days and from 10 a.m. to 4 p,m. on the 
Sunday. 

Electronics & Computing will be at the show and we hope that any 
of you who can get to Breadboard will make a point of visiting our 
stand. 


Gary Evans. 
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Spot The Electron 


Most readers will be aware that the Acorn 
Electron was launched in August of this 
year, but very few will have had the 
chance to get their hands on what was 
predicted to be ‘the hit micro of 1983’. 
Indeed, if anyone has actually seen an 
Electron in the shops we would like to 
hear about it! 

There are currently two schools of 
thought regarding the fate of the Electron. 
The first, the official view, is that the 
machine is disappearing from the shelves 
as fast as they are stocked W. H. Smith, 
who have signed a special deal with Acorn 
giving almost exclusive marketing rights, 
say that they have.run out of initial 
supplies after ‘phenomenal’ demand, and 
are now awaiting new stock. The high 
street stationers would not, however, give 
a date as to when new supplies would be 
available, and nor would they say how 
many machines have been sold to date. 

The second, ‘unofficial’ view is based on 
the experience of some software suppliers 
who are unable to obtain sample machines 
from the manufacturer, and of well known 
High Street dealers who are being supplied 
with the Electron at the rate of only one 


unit per month, despite having been on a 
waiting list for one year. 

This situation has fueled reports that the 
Electron has been withdrawn following the 
discovery of a design fault. k& CMs own 
investigations elicited a flat denial from 
Acorn’s PR company, but Acorn’s 
Marketing Manager did say that in fact 
100 machines had been withdrawn from 
warehouse stock when a small electrical 
fault was discovered. Apparently the 
insulation between keyboard and PCB was 
inadequate, and there was the possibility 
that if the keys were pressed too firmly a 
short would occur. Acorn insist that only 
this small batch was affected, and that 
these were being repaired in house. 

So is there still a chance that the 
Electron will become the hit micro of 
1983, or will this excellent machine have 
to wait until 1984 to make it’s mark? 
Estimates of Electron production differ 
widely between 140,000 and only 8000. If 
the latter figure is accurate (and the supply 
problems faced by dealers suggest that it 
may be) then there is no chance of Acorn 
meeting the Christmas demand and a 
January relaunch will be on the cards. 


Goings On At Oric 


A recent report in Marketing Week 
indicated that Oric were intending to 
phase out production of their 16K 
machine and concentrate fully on the 48K 
Oric 1, and, in order to rid itself of 
remaining stocks, was going to sell off the 
16K at rock bottom prices over the 
Christmas period, The Company itself has 
a different story to tell. Oric deny that 
they have any intention of discontinuing 
the 16K machine while a demand for it 
persists. But Oric are reducing the price of 
the 16K from £100 to a mere £80 for 
those machines sold through Tansoft. This 
would appear to be an excellent offer and 
means that the Oric will undercut the 
Spectrum, the closest comparible machine, 
by a full £20. 

Much poch poohing of the British 
computer press’ bad reception of the Oric 
accompanied the French award of ‘Home 
Computer of the Year to this very same 
machine. The Oric has been very 
successful in Europe, notably so in France 
(where it is one of the few machines 


capable of driving SECAM, the local TV 
standard). 

A seal of approval from the French 
press, and a prige cut into the bargain will 
do Oric no harm in the British market. The 
company’s manoeuvring on the financial - 
market has met with rather less success. In 
order to drum up capital Oric has 
attempted to go public (a la Acorn), by a 
devious route known as a reverse takeover. 
Unfortunately the Stock Exchange blocked 
Oric because the Company has only one 
year of trading behind it. 


Aquarius Price Plummets 

The computer price war is hotting up. Not 
only Oric, but also the Mattel Aquarius 
has been slashed in price (will Sinclair be 
forced to cut again?) It is now possible to 
buy a colour computer for a mere £50. 
The Aquarius has been spotted selling at 
this price in Argos Catalogue showrooms, 
and this represents a drop in price of 50% 
since the Aquarius first came on the 
market this summer. Surely something of a 
record? 


This Is Customer Support 


A constant complaint of home computer 
users is the total inadequacy of technical 
support for machines, and in particular 
peripherals. Certain manufacturers would 
be well advised to take a lesson from 
Hewlett Packard if they want to win a 
reputation for customer support and 
assistance. This US company recently 
opened a new centre entirely for this 
purpose at Winnersh, near Reading. The 
centre is responsible for maintaining, 
repairing and calibrating no less than 3/4 
of HP’s range of 7000 products, including 
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personal and business computers. 

Many instruments no longer in the 
catalogue are also maintained at the 
centre, because HP guarantees to service 
equipment for 5 years after it has been 
withdrawn. It is not uncommon for 30 
year old wooden boxed instruments to 
come in from Harley Street for repair. The 
new centre is expected to handle £100 
million of shipments in the first year, and 
is equipped to make 2200 instrument 
repairs a month and 1100 computer 
repairs. 


Armatron 


This monster holding a soldering iron 
between its teeth is the Tandy Armatron, 
a single motor driven robot arm controlled 
by two joysticks. : 

The arm is capable of rotary and lateral 
movement over 3 axes. It is probably the 
cheapest robot arm on the market, at only 
£25.00. 

E&CM will be attempting to discover 
the possibilities of computer control of 
what is at the moment little more than a 
superior executive toy (the accuracy of 
movement leaves a lot to be desired), but 
more serious applications may be 
revealed, 


80-Bus System News 


Gemini Microcomputers have released 
their latest catalogue detailing the range of 
products which make up the Galaxy 80- 
bus microsystem. The philosophy behind 
this multiboard system is to allow an 
extremely flexible approach to system 
configuration, utilising the wide range of 
software available for the Z80 
microcomputer. Users can either buy a 
complete system or build from a basic 
CPU board with a series of RAM, 
EPROM, disc controller, graphics and bus 
boards. Keyboards of various types, 
Winchester and floppy drives, networking 
systems, prototyping boards, power 
supplies etc. are also available 

Henry’s of Edgware Road, a major 
supplier of the Galaxy range, have at the 
same time announced their entry into the 
software market with the introduction of 
MDIS, an intelligent disassembler which 
can be used on all CP/M based machines. 
MDIS can be used to take apart CP/M 
machine code programs for examination or 
modification. Using the correct mnemonics 
in each case it will disassemble both Z80 
and 8080 machine codes. 

Gemini Microcomputers Ltd, 18 

Woodside Road, Amersham, Bucks. 

Henry’s, 404-406 Edgware Road, 

London W2 JED. 


Software File 


Software File and New Soft Releases is a 
new publication from EMAP Business and 
Computer Publications aimed at micro and 
software dealers, retailers, manufacturers 
and publishers. ’ 

The magazine lists over 1000 software 
packages. 

EMAP, 8 Herbal Hill, London 

ECIR 5SBJ. ; 
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Sub-£200 Colour Monitor a 


A 14” colour monitor at under £200 is 
Fidelity’s first product for the computer 
market. The monitor utilises the 
company’s expertise in the domestic TV 
market. It accepts either RGB or RGBY 
or composite video inputs, together with 
audio, via a 21 pin peritelevision socket. 
The CM14 will therefore interface with 
any computer or games machine capable 
of driving a monitor. 

Image definition is said to be 
outstanding with a 90° 14” in-line high 
brightness colour tube, with a video band 
width of over 12MHz. A detachable anti 
glare tinted glass front is also provided. 

Fidelity ple, Victoria Road, London 

NWI1O0 6ND. 


Slimline Disc Drive For The 
BBC 


BBC and Dragon owners may be tempted 
by an elegant slimline disc drive, 
specifically designed for these machines 
and imported from Japan by Cumana. 

The 54” drives are available in single 
sided 40 and 80 track, and double sided 
80 track formats. The design includes an 
independant power supply enabling up to 
two and four drives to be added to the 
BBC and Dragon micros respectively, 
without any modification to the computer 
or overheating, 

Cumana Ltd, Pines Trading Estate, 

Broad Street, Guildford, Surrey. 
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Typewriter and Printer in One 
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The perfect machine for the man too lazy 
to set up a wordprocessor file and a very 
useful and cheap device for any home 
computer owner is a combined 
printer/typewriter from Brother, the 
EP-22. This machine, complete with built- 
in RS232 interface, is eminently portable, 
in the real sense of the word — in that it is 
roughly the size of a small encyclopeadia 
and a good deal less heavy at 4lbs. The 
EP-22 is also eminently affordable with a 
price tag of £170 (inc. VAT). 

The user has a choice of dot matrix 
thermal or ribbon printing. There is a 
comprehensive qwerty keyboard plus a 12 
digit calculator. A 2K continuous memory 
will store about one.A4 page of text and 


this can be set up to repeat continuously. 
Correction facilities include a 32 character 
‘buffer’ and a 16 character LCD screen 
with cursor controlled deletion, insertion 
and overtype. 
Lowe Computers, Chesterfield Road, 
Bentley Bridge, Matlock, Derbys. 


Buzzbox Modem A 


DaCom Systems launched a new V21 
modem at the Personal Computer World 
Show, the Buzzbox. Buzzbox is a full 
duplex modem (300bps) which is said to 
be far less prone to line errors caused by 
extraneous noise than the acoustically 
coupled modems which retail at a similar 
price. DaCom claim that the new 
instrument has a performance equal to that 
of modems costing three times its price of 
£80. 

Buzzbox is battery-powered, with an 
optional mains adaptor for prolonged use. 
It has a standard RS232C interface, and 
has full British Telecom approval. 

DaCom Systems Ltd., 200 

Conniburrow Boulevard, Milton 

Keynes MK14 7AH. 


Seven Colour Tandy Printer 


The TRS-CGP-220 ‘drop-on-demand’ ink 
jet printer from Tandy is a high quality 
(and high priced) machine capable of 
printing seven colours at 2600 dots per 
second, with a resolution of 640 dots per 
line. With parallel and serial interfaces 
(600/2400 baud) the printer is compatible 
with any TRS-80 computer. A screen 
printout utility will allow the printer to 
create multitcolour printouts of colour 
graphics screens produced from any 
graphics program. The price of the 
machine is £499. 


68000CPU Board 


For around £1000 a complete 68000 
development system, consisting of a Z80 
host computer, cross assembler, 68000 
CPU board and EPROM programmer can 
be obtained from Apollo software, The 
16-bit microprocessor runs at 10MHz and 
contains 17 internal 32-bit registers and a 
24-bit program counter. The on-board 
memory comprises fast EPROM and 
static RAM, allowing the processor to run 
at full speed without wait states. The 
standard board provides 16Kbytes 
EPROM and 4Kbytes RAM, expandable 
to 32Kbytes and 16Kbytes. A 24 line 
parallel interface and serial RS232C 
interface with a wide range of baud rates 
are also provided. 

Apollo Software, Bucklebury Alley, 

Cold Ash, Newbury, Berks. 


Joystick Interface 


The Zedxtra intelligent joystick interface 
for the Spectrum was introduced at the 
ZX Microfair. The interface allows all 
software designed for use with the 
keyboard to be used with a standard 9-pin 
joystick (such as the Atari). It consists of 
a small box which plugs into the rear 
socket; an extension socket is provided for 
further expansion. A switch on the box 
turns on the interface, resulting in 
hardware reset to a program held in a 
CMOS RAM. The program puts a menu- 
selection display on the screen, and the 
user can use the keyboard to enter the 
names of up to sixteen games and the keys 
to be used for the five main joystick 
functions. The program calculates values 
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for eight directions, with and without the 
fire button, loads all the data into the 
CMOS RAM, and resets to BASIC. 

The interface can also be used as a 
pseudo-ROM: machine code routines can 
be loaded into the CMOS RAM, and 
made available above RAMtop when 
BASIC is running. This could be used to 
store a programmer s toolkit, or user- 
designated characters, for example. The 
unit is compatible with microdrives and 
printer, and has its own power regulator to 
avoid overloading the Spectrum regulator. 
The device is priced at £28.50 including 
VAT and p&p. 

Zedxtra, 5 School Lane, Bournemouth, 

Dorset BHII 9DG. 
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Goodbye Breadboarding 
Blues? 

Prototyping, repairing, or modifying PCBs 
using such methods as breadboarding or 
wire-wrapping will be, if Bishop Graphics 
have their way, a thing of the past. The 
Company has launched a PCB design kit 
(EZ8956) which uses adhesive backed 
conductive copper do’nut pads, component 
mounting configurations and tape which, it 
is said, do the same job much more 
efficiently. 

The copper patterns and tape are simply 
applied to the board, and once the 
components and connections are soldered 
in the board is operational. 

Each kit contains a complete assortment 
of adhesive backed conductive copper 
terminal strips, conductor strips, flat pack 
patterns, DIP patterns, TO patterns, 
do’nut pads and tape. Virtually everything 
needed to create single-sided, double-sided 
and multi-layered prototypes without 
artwork, photography, screening or 
etching, 

Engineering and Electronic Design 

Services, Unit 7, Enterprise Centre, 

Childers Road, Limerick, Ireland. 


Monochrome Monitors 


Two high quality monochrome video 
monitors have been launched by Zenith 
Data Systems: they are the ZVM-122 
(amber display), and ZVM-123 (green 
phosphor). 

The monitors are compatible with the 
Commodore 64, Vic 20, TI-99/4A and 
Atari 800 and 1200, Apple II and IBM 
PC. They have a baridwidth of 15 MHz, 
giving an ability to display more than 800 
lines horizontally. Rise time is just 30 
nanoseconds. 

Both monitors are available at the price 
of £100 (plus VAT). 

Zenith Data Systems, Bristol Road, 

Gloucester GL2 6 EE. 


Don’t Damage Your Dragon! 


Loading a cartridge or disc drive while, for 
example, a Dragon or Tandy Color 
Computer is switched on, is not a 
recommended practice and can result in 
serious damage. Human beings however, 
are fallible, and a range of new warning 
devices from Elkan Electronics may prove 
useful to the absent minded. 

The ‘Dragon’s Eye’ is an off-on 
indicator, priced at £3.95, which indicates 
when the computer has been on long 
enough to start overheating and also 
reminds the user that the machine should 
be switched off before adding cartridges 
etc. “Dragon’s Tail’ is a joystick extender 
designed to make it easier to plug the 
joystick into the Dragon, and save wear 
and tear on the machine; it is priced at 
£2.95. The ‘Dragon’s Forktail’ is a 
joystick Y-adaptor to enable the joystick 
port to be used for two purposes at once 
(price £3.95). All these products can also 
be used on the Tandy Colour Computer. 

Elkan Electronics, 11 Bury New Road, 

Prestwich, Manchester M25. 


For The Professionals a 


Grandley titled a ‘Superior Professional 
Competition Joystick’ the Pro Ace from 
Sumlock Microware is designed as a 
replacement for all those battle fatigued 
Atari and Commodore joysticks which 
have reached their last legs. 

The emphasis in this device is on 
strength. A high impact moulded case is 
used, with a steel shaft inserted into the 
plastic stick. The switches, which often 
prove to be the first part of a joystick to 
drop dead, have been bench tested to 
destruction by the manufacturers in over 1 
million simulated operations. 

The Pro Ace is fitted with a 9 pin D 
connector, suitable now for the Spectrum 
(with Interface 2) as well as the Atari and 
Commodore machines, and further 
connector types are planned for other 
home computers. The joystick has a two 
year warranty. 

Sumlock, Royal London House, 

Deansgate, Manchester M3 3 NE. 


Atari XL Range 


Two new Atari home computers and a 
range of printers and storage devices went 
on sale in October. The 600 XL and 
800XL are essentially updated versions of 
the Atari 400 and 800. The 600XL, with 
a recommended retail price of £159.99, 
has 16K of RAM expandable to 64K. 
Technical specifications include fullstroke 
design keyboard, Help key, software 
compatability with all Atari software, 11 
graphics modes and four independent 
sound voices. 

The computers are to be complemented 
by a range of low-cost printers and two 
new storage devices: a program recorder, 
the 1010, and the 1050 disk drive. The 
drive is priced at £300 and offers dual- 
density format. The printers vary in price 
from £200 to £400. As an example the 
mid-range 1027 is a letter quality printer 
said to be ideal for use in a word 
processor system such as the AtariWriter. 


Ground Control, Alfreada Avenue, 
Hullbridge, Essex SS5 6LT. 
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ZX-81 RAM Board 


The Micro-Z MZ-8 ‘can store up to 10 
programs in BASIC and/or Machine Code 


(a total of 6K), or provide 6K of extra 


memory for the ZX-81. 

Three 6116 CMOS static RAMs are 
used to provide the memory storage; the 
unit is powered by an on-board NiCad © 
battery, trickle charged from the computer 
when in use; an 8-way DIL switch 
controls memory decoding for the required 
use, and also activates the ‘Write Protect’ 
function. The latter is a very useful tool 
for the development of Machine Code 
programs: after a program has been saved, 
the ‘Write Protect’ switch is activated so 
that even if the program crashes or the 
MZ-8 is disconnected the programs will 
not be lost, Another feature of this device 
is a screen display of system status 
information. 

Micro-Z Litd., PO Box 83, Exeter 
EX4 7AF. 


BBC As A Business Machine 


Acorn will soon be marketing Compact 
Software’s system generator called 
Nucleus, to be sold in a software package 
with the BBC Micro Z80 add-on 
processor, running on CP/M. 

The system is said to enable a relatively 
inexperienced user to develop business 
systems quickly and easily. The micro 
package is aimed at the larger personal 
micro user, and the smaller business user. 

In addition, Compact are developing a 
Day Book package for Acorn — a system 
designed by accountants to meet the 
specific needs of a small business. 

This package is an entry level system 
for the user requiring a business 
application, but not necessarily a fully 
integrated accounting system. The Day 
Book system would, for example, run in a 
very similar way to that in which a retail] 
business would be accustomed to 
processing cash receipts, The user would 
have immediate access to simple 
management reports, and additionally the 
software can easily be upgraded to a fully 
integrated system if required. 


A Wizard for the Genie 


The first disc interface for the Colour 
Genie has been designed by General 
Northern Microcomputers. The ‘Wizard’ 
incorporates both disc and parallel printer 
interfaces, and also a disc operating 
system called QDOS. The Wizard will 
cost £99, : 

Gnomic, 8 Whitworth Road, South 

West Industrial Estate, Peterlee, 

Co. Durham. 
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To complement their 
EPROM programmer (see 
E&CM October, 
November 1983) Peter 
Simpson and Brian 
Alderwick describe a 
Sideways RAM Board 
project which does away 
with the costly and time 
consuming process of 
debugging programs written 
straight onto EPROM. 
Substituting a RAM board 
enables the programmer to 
run and test the software 
before committing it to 
read only memory. 


When developing software to program into 
an EPROM, it is an optimistic person indeed 
who expects it to work first time. If it does 
not, the EPROM must be erased with 
ultraviolet light and reprogrammed with 
corrected software. Sideways ROM soft- 
ware development would be much quickened 
if the erasing and reprogramming steps were 
removed. Random Access Memory (RAM) 
has the ability to be directly programmed by 
the microprocessor and changes can be made 
very easily. This article describes a RAM 
board which can be substituted for a side- 
ways ROM and which will allow programs 
up to the full 16K to be developed and run in 
situ. Once debugged, the final program can 
be saved to disc or cassette for subsequent 
loading into an- EPROM. 

The RAM sits in the same part of the 
memory map as any other sideways ROM 
i.e. &8000 to &BFFF; the machine 
operating system (MOS) does not differ- 
entiate between them. A description of the 
general working of the sideways ROM 
sockets was given in the article mentioned 
above and will not be repeated here. 

Whilst developing this board, it became 
clear that it would prove useful to people who 
had bought more sideways ROMs than could 
be fitted directly into the BBC micro. The 
normal solutions to this problem would be 
either to buy an expansion board or to plug in 
the ROMs only as they were needed. 
However, this project offers a third 
alternative, namely, to save the contents of 
the excess ROMs to cassette or disc whence 
they could be loaded into the RAM board at 


will. Thus the four available sockets could be 
filled with a BASIC ROM, a Filing System 
ROM, the RAM board and your other most 
used ROM, say a word processor. Any other 
ROM programs could then be loaded into the 
RAM card as required. This alternative 
philosophy may appeal to those not wishing 
to build the EPROM Programmer. 

The complete hardware for this project is 
described, together with a program listing 
which will initialise the board and provide 
routines to LOAD and SAVE files to and 
from the RAM card. 


Circuit Description 


A full circuit diagram is shown in Fig. 1. The 
28 connections from one of the sideways 
ROM sockets are extended by ribbon cable 
to the remote board. All necessary lines are 
buffered by ICs 1-3, which are 74LS245 bi- 
directional buffers. The address lines and 
certain control signals which are uni- 
directional pass through IC1 and 2, which 
have the direction pin | tied to0 volts. Buffer 
IC3 handles the data which, of course, needs 
to be bidirectional. In this case pin 1 is 
controlled by the read/write signal which is 
brought up separately, by a flying lead, from 
the main board. 

All buffered outputs, except Al1-Al13 
and chip select (CS), together with the 
read/write signal are passed to the eight 
RAM chips. These 21 lines are wired in 
paraliel and are common to all RAMs. 


The address lines Ail-Al3 are used to 
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decode which of the eight RAM chips will be 
operational at any one time. This is done in 
IC4, a 74LS138, which is, as might be 
expected, a three to eight line decoder. The 
CS line enables IC4, which in turn allows 
any one of the eight RAM chips to be enabled 
as selected by the decoding. Several different 
makes of RAM chip were used in the 
prototype but 6116A-3 types with a 2K x8 
bit architecture are recommended since they 
are’cheap and readily obtained. There are 
several alternative RAMs available in this 
style which should be equally suitable. All 
these ICs are of the ‘static’ RAM type 
because they offer reductions in circuit 
complexity and power consumption, how- 
ever, they do cost somewhat more. To keep 
the heat dissipation inside the micro to a 
minimum, it would be best to choose CMOS 
types such as the 6116 recommended above 
since these consume very little power on 
standby. 

A simplified RAM board using only two 
8K x8 bit chips was considered, but rejected 
because of the high cost of these ICs. 

If the constructor wishes to use less than 
the full 16K available on the card, ICs should 
be plugged in starting at position ICS5 in 
ascending order to IC12. Thus any amount 
may be used from 2 K to 16K in blocks of 2K. 
The software will check the amount of RAM 
on initialisation. 


RAM Card Installation 


The board is connected to the micro by a 28 
way ribbon cable which is soldered directly 
to the RAM board, the other end having a28 
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Figure 2. Location of RAM board. 
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TTL ; IC1-3 7418245 
IC4 7418138 


Memory IC5-12 6116P-3 


Capacitor C1-10 0.1 microFarad 
disc ceramic 


Sockets For IC4 16 way DIL 
For IC1-3 20 way DIL 
For IC5-12 24 way DIL 


Plug 28 way DIL |.D.C. 
header 


Ribbon Cable 28 way by 450mm long 
; (cut down 30 or 34 way) 


Wire for links Scrap resistor ends 
P.C.B. 90 by 240mm single sided 
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TAPE BACKUP 


Normally the ‘LOADGO’ system ensures 
that the only way to stop a tape between 
loading and running is to pull out the plug. 
This is not the most reliable means of 
achieving the desired end! The tape can be 
backed up into RAM by writing a separate 
load and save routine written in machine 
code, 


The Tape Header 


Each program that is saved on the Spectrum 
is preceeded by a header 17 bytes long: 


TYPE: This contains the type of the 
file 

0 = Program is BASIC 

| = Numeric array 

2 = String array 

3 = Machine code 


FILE Contains the ASCH filename 

NAME: and is padded out with spaces 
if the filename is less than 10 
characters long. 

LENGTH: Contains the length of the file 
in normal Z80 style 
i.e. LSB,MSB 

START This contains the line number 

ADDRESS: to auto-jump to or the start 
address. 

LINE No. As above 


LENGTH | srhif} 


Within The ROM-Loading 


The Spectrum ROM has a tape loading 
routine at 0556H. This routine will load the 
bytes from tape to a particular memory 
position. The input parameters to this routine 
are: 
REGISTERA 0 
=] 
CARRY FLAG SET 
RESET 
REGISTER IX 


=Load header 

=Load program 

=Load data 

=Verify data 

=Memory to 
write to 

=This should be 
between 1-254 
to be 
compatible 
with the ROM 


The code used is very similar to the‘ LOAD’ 
command routine at0761H except that it has 
a different value for IX. 


The Program On Tape 


When the program has displayed the de- 
coded header it then proceeds to load the 
program (line 470). The machine code is 
similar to that of loading the header. 


REGISTER D 


LD A,255 ;Loading program flag 
LD D,19 :D0orD1 
SCF ;Not verifying 


LD 1X,32768+40 ;Start address to load to 


A short machine code routine was written to 
load in the header from tape into a particular 
memory position. The code follows using 
Z80 mnemonics: 


AGAIN: LD DE,17 ;Length of 
the header 
;Clear A 
;Set the 
carry flag 
for loading | 
;Put header 
to memory 
at 32768 
;Call the 
Spectrum 
loading 
routine 
;Try again if 
not header 
;Exit to 
basic 


XORA 
SCF 


LD IX,32768 


CALL 0556H 


JR NC,AGAIN 
RET 


CALL 0556H :Load it 

RET ;Exit to BASIC 

As soon as the program has been loaded the 
above routine will then return to BASIC. The 
program then utters a noise and asks the user 
to push any key when ready to save. At this 
point the tape to be written on is inserted and 
the plugs should be changed (MIC). 


Saving On Tape 
The program then calls yet another machine 
code routine which saves both the header and 
program from memory onto tape. Since the 
header is in memory it can simply be written 
out followed by the program. 

The following code is the saving routine: 


LD IX,32768 _ ;Start of header 

LD DE,17 ;Number of - 
bytes in header 

XORA ;Save header 
flag 
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7 * = . na ee 


SINCLAIR ROM 


DISPLAY 
ATTRIBUTES 


>] soaasic procram 


PROGRAM FROM 
TAPE 


= 30K MAXIMUM 


MACHINE CODE ROUTINES 


CAAL04C2H_;Save it on tape 


LD B,50 ;A delay loop 
between 
header 

DELAY: HALT jand prograra 
data 

DJNZ DELAY 

LD IX,0000 __ ;Start of 
program* 

LD DE,0000 _ ;Length of 
program* 

LD A,255 ;Save program 

JP 04C2H ;Do it! 


* These values are filled in by the program at 
lines 530-580. At the moment the start of the 
program is always 32768+40 but you can 
change this at lines 540,550 if you wish to 
convert this program for a 16K Spectrum 


Within The ROM-Saving 


The Spectrum ROM has a tape saving 
routine at 04C2H. This routine will save 
code onto tape from a given memory address, 
the registers are: 


REGISTER DE =Length of code 
REGISTER IX =Start address of 
code 
REGISTERA 0 =Save header : 
—1 =Save code 
(Program) 


The code used is similar to the code found at 
the ‘SAVE’ command at 0970H. 

Once the program has been saved the 
computer emits a tone and asks the user if 
he/she wants to run again. This feature was 
included because programs are often saved in 
several parts. So to save all the parts you 
must repeatedly load and save until all the 
parts have been processed. 

For example: The ‘Flight Simulator’ 
program (Psion) needs to be loaded and 
saved in four different parts: 


1/FLIGHT Length 39 BASIC 


2/flight Length 6651 BASIC 
3/d Length 6912 screen (m/c) 
A/c Length 25760 m/c 


So in total the length is 39362 bytes ( approx. 
39K!). 
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Most commercial software packages run on a‘LOADGO?’ system which makes 
copying difficult. If however, you want to read the machine code routines of that 
favourite space invaders program, or insure against a tape snapping, then this 
program from Tubb Research will overcome the problem. 


Memory DJNZ WAIT _ ;Loop for 256 
Line 40 sets up the Spectrum as a 16K anes 
machine. So only approximately 30K at any POP BC —— 
pad a can be loaded. This could be NO: INC HL waht 
position 
DEC BC ;Count—1 
Graphics one” 3s count 
You may have noticed the calls to a routine "equal to zero 
called GRAPHIC (at 65000). This routine JR NZ.AGAIN 
causes the screen to fill with ‘random’ blocks LDA D “Check for 
of colour and then each colour disappears : ‘eon 
gradually in colour sequence. This makes for CP 127 
an interesting and eye-catching display. The REC NC 
routine to do this is only 57 bytes long and is INCD -Next control 
shown below: byte 
JR SEARCH _ ;Search again 
LD HL,22528 teen Each byte in the attribute file controls an 8*8 
: square on the screen of colour, brightness 
LD BC,736 ;Number of and flashing. They are held as binary as 
cena following: . 
LD DE,800 Random’ BIT7 FLASH ON/OFF 
es fi 
bytes from BIT6 BRIGHT ON/OFF 
ROM! BIT 5,4,3 PAPER COLOUR 
BACK: LDA(DE) _ ;Get‘random’ | BIT2,1,0 INK COLOUR 
byte. So white paper, black ink, steady and 
LD(HL),A Put ie asan | BRIGHT=0 is: 
aout: ie iia BIN 00111000=56 
position+1 (See Spectrum manual page 219). 
INC DE ;Random 
number 
address+1 Last Word 
DEC BC ;Counter= After using the program to backup tapes the 
counter—I system should be reset by using NEW. This 
LD A,B :Check if is because of the routines within the ROM 
count corrupt flags which stop the verify operation. 
ORC ;equals zero. | So, programs which have been backed up 
JRNZ,BACK  ;If not do next | using the program cannot be verified directly. 
block The program does not flag*R-Tape errors’ 
LD DO ;First control | and simply returns to BASIC if there are any. 
byte to look | So, if you have a bad tape with a corrupt 
for ending you will still be able to back it up and 
SEARCH: LD HL,22528 ;Start of then re-use it, retyping the end in. 
attributes For further details of the ROM, read ‘The 
LD BC,736 —; Length Complete Spectrum ROM Disassembly’ by 
AGAIN: LDA,HL) tee or Dr Ian Logan, from the E& CM bookshop. 
e from file 
RES 7,A ;Remove 
‘flash’ control Decoder ; . 
bit The program could be modified to read in 
CPD :the same? only the headers of the files and print these 
JRNZ,NO ‘If not then decoded onto a printer. So, if you had a tape 
exit full of files you could get a listing of all the 
LD(HL),56 — ;Putblack ink, | filenames, lengths, etc. 
white paper fe 
PUSH BC ;Now for a Copyright 
small delay Before you back up any program make sure 
LD B,0 ;B=Maximum | you are not violating any copyright notices. 
count This program is for use purely as a utility for 
WAIT: PUSH HL ;Delay factor | backing up programs and not for pirate 
POP HL copying. 
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The SAT-16 System has been designed with 
a wide range of users and applications in 
mind and provides a good starting point in the 
16-bit field. In this month and subsequent 
articles we will be describing the design, 
construction, software and expansion 
capabilities available. 

The basic system contains three main 
cards: A microprocessor card, which is a 
dual processor design based on the 68000 
and 68701, a RAM/ROM card, plus a 
floppy disc controller. A basic system block 
diagram is given in Fig 1. 

The subject of this month’s article is the 
MPU card. The card is based on the 68000 
microprocessor but has a unique dual 
processor link-up. It also incorporates on- 
board RAM, an EPROM which contains the 
monitor, plus a serial RS232 interface and 
parallel data port suitable for interfacing to 
printers and other parallel devices. 

Intefacing to the main system bus is done 
to the G64 bus standard via tri-state buffers. 
All data transfers are asynchronous for off- 
card and on-card resources. Off-card 
peripherals are treated as synchronous 
devices. Control lines for direct memory 
access operations (DMA) are also provided. 
All existing G64-compatible cards from 
other sources can be used with this system. 


The card can be separated into two major 
parts: The main 68000 processor which uses 
the on-board memory and interfaces to the 
system bus and the 68701 which takes care 
of all user interfacing and data transfers to 
and from the 68000. However, before 
explaining how each part works in detail, it 
may be interesting to take a closer look at the 
processors used — namely the 68000 and 
68701. 


FEATURES 
if 


The 68000 Processor 


The 68000 was the first 16-bit micro- 
processor from MOTOROLA and although 
not software-compatible with the Motorola 
family of 8-bit processors, its instruction set 
and internal architecture provides ex- 
ceptional processing power while at the same 
time being relatively easy to understand. The 
68000 is manufactured using N-channel 
HMOS technology which gives high density 
and speed and low power consumption. The 


SAT—16 DISC 
EXPANSION CONTROLLER 
UP TO 16 


MODULES FEATURES: 


— Dual disc drive 

— 8" of 514” disc drives 
— up to 4 disc drives 

— full DMA control 


memory blocking 
— Full parity checking 


DISC UNITS 


SAT—16 MEMORY 


FEATURES: 

— Up to 256K bytes/ 
128K words of async 
user memory 

— Selectable on-card 


Figure 2a. Detail of the registers p 
68000 processor. 


rovided by the 


Figure 2b. The bit assignments of the status 
register. 
counter and a 16-bit status register. 

The data registers can be used to handle 8- 
bit bytes, 16-bit words or 32-bit long words. 
The 7 general-purpose address registers 


SAT—16 MPU 


FEATURES: 
— 68000 


— 68701 

— Up to 8K RAM 

— On-card EPROM 

— Selectable baud rate 
— RS232 link 

— Real-time clock 


PARALLEL RS232 


DATA PORT 


Figure 1. Block diagram of the basic Sat 16 system consisting of three cards. 


device also only requires a single +5V 
supply. Separate pins are provided for each 
data line and address output which means 
that in its basic form a total of 16M bytes of 
memory can be addressed directly without 
resorting to multiplexing or paging. 


Architectural Features 

Figure 2a illustrates the registers provided 
by the 68000. There are seventeen 32-bit" 
data and address registers, a 32-bit program 


(AO-A6) can also handle either 16-bit words 
or 32-bit long word operands. 

The processor can be operated in two 
modes — a supervisor (or system) mode, or in 
a user (or normal) mode. Separate stack 
pointers are used in each mode. Both 
pointers are addressed as Address Register 
A7. The status register is divided into two 8- 
bit bytes: The system byte and the user byte. 
Fig 2b shows the bit assignments for the 
status register. 

The interrupt structure is arranged as 256 
vectored levels. These are configured as 7 
external interrupt requests, 57 internal 
system interrupts and 192 user vectors. 


Provision is made to allow existing 6800 
peripheral devices to be interfaced to the 
processor. Synchronous operation on the bus 
is also possible so that 8-bit system cont 
patibility can be maintained, thus giving the 
user the ability to increase his processing 
power without having to resort to:special 16- 
bit peripheral controllers. 

Figure 3 illustrates the signals and pin 


assignments DO - D15 are the bi-directional 
16-bit data bus Al - A23, are the output 24- 
bit address bus. Address AO is not outputted 
to the bus but is used internally for size 
specification of each bus Hhstah generating 
the UDS and LDS signals. 

The UDS (Upper Data Strobe) and LDS 
(Lower Data Strobe) signals determine 
whether data is being transferred on either 
the upper (most significant) byte or the lower 
(least significant) byte or both bytes of the 
16-bit data bus. DTACK is the Data 
Transfer Acknowledge input signal. This 
signal must be asserted by external logic 
during every asynchronous read or write 
cycle, All asynchronous devices in the 
system must include sufficient logic to 
general the DTACK signal. Function code 
outputs FCO, FC1 and FC2 are the function 
code or processor cycle status outputs. These 
outputs identify the type of bus activity 
currently being performed by the processor. 
Five different types of cycle are currently 
defined. These are accesses to either 
supervisor data memory, supervisor program 
memory, user data memory or user program 
memory and interrupt acknowledge cycle. 
Interrupt requests IPLO, IPL1 and IPL2 are 
the external interrupt request inputs. 

These three inputs are decoded internally 
by the processor and compared with the 
interrupt mask to determine whether the 
interrupt request will be permitted. When all 
three interrupt inputs are low, a non- 
maskable interrupt (level 7, which is the 
highest priority), is present When all three 
are high it indicates no interrupt is being 
requested. 

BER is the Bus Error input. When this 
signal is low the 68000 performs a sequence 
(exception processing sequence) similar to 
that which it executes in response to an 
interrupt request. The purpose of BERR 
signal is to inform the processor when an 
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Figure 3. Pin-out and signal assignments of the 
68000 processor. 
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Figure 4. 8lock diagram of the 68701 processor. This device is a composite ofa number of 
68XX family members featuring a CPU, ACIA, and on board RAM and EPROM. 


external device has not responded (using the 
DTACK input) within an expected amount 
of time during a read or write operation. 

HALT is a bidirectional signal. If the 
HALT signal is asserted in conjunction with 
the BERR signal, the processor will auto- 
matically re-try the bus cycle that produced 
the error, wher used alone it places the 
processor ina‘halt’ state where the processor 
is essentially inactive until the HALT signal 
is negated. The HALT signal is also used in 
conjunction with the RESET signal to 
initialise the processor. One unusual aspect 
of the RESET signal is the fact that it is also 
an output signal. 

HALT like RESET is also an output 
signal. If the processor detects two con- 
secutive BERR conditions, HALT output is 
asserted. (This facility of the 68000 is used 
by the SAT-16 MPU Card to detect 
catastrophic failure of the system). 

The processor provides a RESET instruc- 
tion which, when executed, causes a low- 
going pulse to be outputted on the RESET 
pin, thus, you can execute a RESET 
instruction and use it to initialise other 
devices in the system without re-setting the 
processor, 

CLK is the single-phase TTL-level clock 
from which all internal timing is derived. 

BR (Bus Request), BG (Bus Grant) and 
BGACK (Bus Grant Acknowledge) are all 
bus arbitration signals. These signals are 
used to allow other devices such as DMA 
controllers and other processors use of the 
system bus. External devices request access 
to the system bus by asserting the BR input. 
The processor will then immediately assert 
BG and always relinquish the bus after it has 
completed its current bus cycle. The Bus 
Grant Acknowledge (BGACK) signal must 
be input to the processor by the device 
requesting the bus once that device takes 
control of the bus. The BGACK is essenti- 
ally a “‘bus busy” signal that lets the other 
devices know that the bus is unavailable. The 
processor will only continue processing 
when the current bus controlling device 
negates BGACK. 


The next three signals E, VPA and VMA 
are provided so that the processor can be 
easily interfaced to the standard 6800 family 
of peripheral devices. 6800-based devices 
use a synchronous method of effecting 
transfers of data. To accomplish this a 
system clock Enable (E) signal must be 
distributed to all 6800 devices so that all 
relevant data transfers may be synchronised 
to this clock. Thus the E provided by the 
68000 is the equivalent of the 6800 (E) 
signal. The frequency of E is nominally equal 
to one-tenth that of the CLK. 

The Valid Peripheral Address (VPA) 
signal is used by 6800-type devices to inform 
the 68000 that a synchronous data transfer is 
required, When the 68000 receives the VPA 
signal in response to a normal AS (address 
strobe), it alters the data transfer timing so 
that it is synchronous with the enable (E) 
signal The 68000 will then assert VMA 
and E in the correct timing sequence to 
emulate a 68XX-type 8-bit processor. 
Synchronous 6800-type peripherals should 
use VMA as address validation not AS, and 
all data transfers will take place during E high 
time. 

Addressing Modes 

The 68000 utilises 14 different modes which 
can be grouped into six basic types, direct 
register addressing, direct memory address- 
ing, indirect memory addressing, implied 
register addressing, program counter relative 
addressing and immediate data addressing. 
These different addressing modes create a 


powerful instruction set which will be the - 


subject of another article. We can say at this 
point, however, that when compared to other 
microprocessors the instruction set is 
relatively easy to learn and very powerful. 


The Other Processor 


Why have a second processor just to handle 
1/0? Why not- it keeps chip count down and 
makes board layout easier, but that’s not all, 
just imagine the flexibility. All the ports are 
effectively software re-configurable, so with 
the press of a key you can configure the I/O 


ports to interface to all manner of devices. 
The device which allows such versatility is 
the 68701, a micro-computer chip from 
MOTOROLA which combines on one chip 
many functions which previously would have 
required large amounts of discrete logic. 
Besides 128 bytes of on-chip R/W memory 
and a2K on-board EPROM, the 68701 also 
includes an on-chip timer and serial 
communication interface as well as up to 29 
configurable I/O pins. 

A block diagram of the 68701 chip 
structure is shown in Fig 4. The basic 
structure of the 68701 is actually a 
composite of a number of 68XX series 
devices. The CPU itself is an enhanced 6800 
processor, the serial port is a 6850 ACIA, 
the on-board RAM is6810 RAM device, the 
EPROM is a close equivalent of a2716, and 
each port operates in a manner that is similar 
to the 6821 peripheral interface adaptor 
(PIA). 


On-Chip Memory 

The 68701 includes 128 bytes of on-chip 
R/W memory located at hex addresses 
0080-00FF. A nice feature of the R/W 
memory is that the first 64 bytes (0800- 
OOBF) can be retained in power-down or 
standby situations by using the standby 
function of the chip. Also 2K of EPROM is 
provided at addresses F800 through FFFF 
which can be programmed using a special 
programmer. This memory contains the 
specially developed software which controls 
the user interfacing on the SAT-16 MPU 
card. 


I/O Ports 

The extreme flexibility of the 68701 is 
provided by the various ways in which its I/O 
ports can be used. There are four ports — 
ports 1 to 4, The function of each port is 
determined by one of three modes, i.e. single- 
chip mode, expanded non-multiplexed 
mode, and expanded multiplexed mode. The 
expanded non multiplexed mode is used on 
the SAT-16 MPU Card and will be des- 
cribed in detail later on. The various port 
functions are: 


@ Port lL: an 8-bit port which is always used 
as a parallel I/O port regardless of chip 
mode. It has an associated data direction 
register (DDR) and therefore each [/O 
line may be independently programmed 
for inpul or output 


Port 2: A 
normal I/O port in all three modes. The 


5-bit port that can be used as a 


port lines are configured as 
output with an associated daté 


register. This port also provides access to 
the SCI and 16-bit timer, Therefore Port 
2 can be five lines of parallel 1/O, timer ot 
any combination of these functions. It is 
also used to configure the chip for any one 
of its three modes of operation on power 


up. 


Port 3: An 8-bit port which takes on 
different functions for the different chip 
s. In the expanded non- multiplexed 


e, Port 3 becomes the bi-directional 


data bus to provide data lines DO-07 for 
In the expanded 


external operations 
non-multiplexed mode, these lines are 
mixed between DO-D7 and AO-A7 


@ Port4: Also an 8-bit port whose lines can 
igured for parallel I/O or used as 


address lines 


The 68701 also includes an on-chip timer. 
The timer is effectively a 16-bit free-running 
counter, This can be programmed for one of 
four timing functions: Variable pulse width, 
continuous pulse width, single-shot pulse and 
period measurement. an input capture 
register is available; this register is used to 
store the present value of the count when an 
active transition is provided to P20. By 
reading the input capture register each time 
an active transition occurs, you can measure 
frequency or the time duration between 
external events. 


Serial Communications 

Anon chip SCI for serial I/O is also 
provided. It is capable of full and/or half 
fuplex operation in standard mark/space 
format or bi-phase format for use between 
processors. the SCI also contains a pro- 
grammable bit rate generator to provide four 
software selectable baud rates. It is also 
possible to configure the SCI to utilise an 
external 16x BR clock. 


Clock 


The crystal-controlled oscillator provided by 
the 68701 is used to drive both itself and the 
68000 processor. 


Card Description 


System Memory 

On-card memory is provided for use by the 
68000 processor. Both RAM and EPROM 
is provided up to a total of 16K x 16-bit. The 
card will accept both 2732/2764 EPROM 
and 5564/6116 RAMS by a simple link 
change. The SAT-16 monitor (which will be 
the subject of another article) uses 4K bytes 
of on-card EPROM which leaves around 
12K bytes of EPROM for user programs. 


‘System Memory Map 


The standard G64 specification allows for up 
to 128K words of memory but for larger 
multi-user tasks which may use up to | Mbyte 
plus, two extra address lines are available for 
use on an expanded version of the G64 bus 
and may be utilised on this expanded bus 
structure by fitting two optional links on the 
SAT-MPU Card. As mentioned earlier, the 
onmcard memory is only accessible by the 
68000. When accessing on-board addresses, 
the 68000 tri-states itself from the G64 bus; 
therefore overlapping on-board memory 
addresses may be used on the G64 bus as 
buffers for DMA devices which the 68000 
will not see directly, i.e. no memory address 
contentions will occur for these addresses 
even though they are duplicated in the 
system. External memory addresses are 
considered as word address using AO-A18 
on the bus to address 16-bit words whilst the 
upper and lower bytes of the word are 


selected by two data strobes DSO (lower) 
and DS1 (upper). 

Address Al of the 68000 drives address 
AO of the bus. 68000 address lines 20-22 are 
not used, A23 from the 68000 is decoded on 
the SAT-16 MPU as an asynchronous 
device address qualifier, i.e. a repeat of | 
MByte of peripheral addresses are available 
on the expanded G64 bus using VMA and E 
instead of AS. Addresses 0000 - O3FF are 
used for the system vector table, addresses 
004000 - 0043FF are used as a copy of the 
vector table so that users can change vectors 
and thus handling routines to suit them- 
selves. 

Three interrupt lines gre brought out to the 
G64 bus, (INT5S, 6 & 7). INT7 is a non 
maskable interrupt and will auto-vector to 
vector number 31. INTS is maskable at level 
5 and will auto-vector to vector number 29, 
INT6 is special; it is also maskable at level 6, 
but if asserted by the user, the processor 
expects the vector number to be provided by 
the interrupting hardware. RESET vectors 
the 68000 to start up software located at 
address 0400. The SAT-16 MPU memory 
map is shown in Fig 5. 


Interfacing 

All the cards within the SAT-16 System 
interface to the main bus which uses the G64 
standard bus specification. This bus lends 
itself perfectly to control and industry 
application and can equally well be used for 
small specialised systems. The G64 bus is a 
8/16 bus which has been designed to handle 


many common microprocessor systems: 


working in a synchronous or asynchronous 
mode on euro-boards. Addressing capacity 
on the bus is not less than 256K bytes 
regardless of the I/O signals used. The 
connector pin-outs are given in Fig 6. 


User Interfacing 

As mentioned earlier, a second processor 
(68701) loaded with specially-developed 
software provides the serial and parallel 
interfaces for communication to the user 
VDU/ printer and the main 68K processor as 
detailed below: 


Serial Port (R232) 

A full-duplex asynchronous serial communi- 
cations interface (SC1) is provided with two 
data formats and a variety of rates. The SCI 
transmitter and receiver are functionally 
independent, but use the same dat format and 
bit rate. Serial data formats include standard 
mark/space (NRZ) and bi-phase and both 
provide one start bit, eight data bits, and one 
stop bit. 


The start-up baud rate is selected by links ~ | 


which provide 300, 1200, 9600 or 76.8K 
options, 


Parallel Port 

Port 1 of the 68701 processor is used to 
interface to the user printer. The port is a 
mode-independent 8-bit port with each line 
an input or output as defined by the data 
direction register. Data is transferred as a 7- 
bit ascii character, Each character is strobed 
by the data strobe (PRSTRB line). Port 4 bit 
4 is used for the ‘printer ready’ line (HI) to 
verify that the printer is available for data 
transfer. 
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Figure 5. Memory map of the SAT 16 system's 
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Figure 6. The G64 bus specification. 


memory. 


Interface Adaptors 
There are a number of different external I/O 
adaptors available for use with the SAT-16 
MPU Card. The adaptor supplied for use 
with a serial RS232 VDU and Centronics 
printer is designed to work with the standard 
68701 software. Adaptors for use with other 
external I/O devices are available with the 
associated 68701 software packages to drive 
them (e.g, local network adaptors, control 
software), 

Note: It is not recommended to interface 
the SAT-16 MPU Card directly to any 
peripheral device without an adaptor, 


Reset Operations 

An external switch connected to pins 37, 39 
and 40 of the connector J2 allow the user to 
re-initialise the SAT-16 MPU Card. A 
system reset line is also available on the G64 
bus, but the processor will not perform a total 
reset unless both the RESET and HALT 
lines are asserted together for at least 10 
clock cycles, Power on reset is automatically 
generated on the card. 


Watch Dog 

A watch-dog is not provided on the SAT-16 
MPU Card but is available on the system- 
terminator card. 


Real-Time Clock 

The real-time clock on the 68701 processor 
is user-accessible via the RS232 link. The 
specially-developed software of the 68701 
allows the user to start and stop the clock and 
set-up the initial value using specific user 
commands within the software. 


CPU Clock 


The clock for the 68000 and 68701 is 
generated by a crystal-controlled oscillator 
within the 68701 which gives a frequency of 
4.9162MHz. This clock is also used to give 


the required baud rate settings on the 68701 
serial port. 


Specialised Circuits 

Two programmable array logic chips are 
used on the SAT-16 MPU Card. These are 
the 16L8 and 20L10. These two drrays 
provide the address decoding for the on-card 
memory and the 68000 control signals to the 
G64 bus. These chips are configured and 
tested at the time the card is manufactured. 


Processor I/O Controller 

The AM2950 is used to control the parallel 
data transfers between the 68000 and the 
68701 processors on an interrupt basis. 
INT3 tells the 68000 that data is ready from 
the 68701 and IRQ is used to the 68701 for 
the reverse direction. 


Power Requirements 

The power to the card is supplied by 
connector J1. The voltages shown in Table 3 
are required. 


Software Facilities 

Specially-developed software within the 
68701 processor provides the user not only 
with the normal communication dialogue 
with the 68000 processor, but also a number 
of specialised user commands. The software 
is installed within the processor at manu- 
facture. The software contained on the 
68701 EPROM is by no means fixed. The 
user may utilise his own software to interface 
the SAT-16 MPU external I/O to other 
devices or systems. A special programmer is 
available from Satellite Services Ltd. for this 


purpose. 


Special User Commands 

CR, LF * / from the 68000, or */ from the 
VDU immediately following the prompt (7) 
tells the 68701 that the next byte is a 


command for itself. 

The command sequence is not sent in 
either direction except for “*/?” command 
from the 68000 (see below): 


toggle continuous mode 
output corrent time to VDL 
prompt user for new time 
inhibit printer 
restore printer 
stop clock (if from VDU) 
Status request (if from 68000) 
(** STA2 is sent to the 68000) 
restart clock 
reset clock 
set direct mode (only from 68000) 
clear direct mode (only from 68000) 
then send current time to 68000 
(only from 68000) he time is 
returned to the 68000 as 6 bytes in 
the following format 
Byte 0 * 
* 


hours (2 digit BCD) 
minutes (2 digit BCD) 
digit BCD) 


3 
4 — seconds (2 
5 (binary) 


1/100 sees 

Note: An invalid command from the 68000 

returns three “DEL 
68000 

Prompt to user VDU 


characters to the 


Self-Test 

When the card is first switched on the 68701 
software undertakes a self-test procedure on 
the internal RAM. During this sequence, the 
68000 may also undertake a self-test routine. 
When both self-tests are completed, the 
68701 reports the success or failure of these 
tests to the VDU. 
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backgrounds and large objects. 


In this part of Micro Graphics the subject of animation is brought to a 
conclusion with a short look at how users can be given control over the 
movements of the fundamental data type of animation — the sprite 
(see Micro Graphics Parts | and 2). Interactive control of sprites is 
such an obvious feature of nearly every computer game that it is often 
dismissed as a small problem of program implementation when in fact 
it is quite central to the success or otherwise of the game. The way that 
the user interacts with the game is important because it sets the level 
and type of skill required to be a successful player. A poor or 
inaccurate method of controlling the sprites simply raises the 
frustration level of the user because of the difficulty in getting the 
sprites to do what is required. Those who regularly play computer 
games cannot fail to have had the feeling that a key has been pressed 
or joystick moved in time to avoid destruction, but the sprite just 
didn’t take any notice! On the other hand an accurate and natural 
method of controlling sprites produces a feeling of involvement that 
may raise a run of the mill game to new heights of popularity. 

The methods that can be used to control sprites are to a certain 
extent governed by the hardware available. All computers have a 
keyboard of some type and so it is important to study ways that this 
can be used for control. Many computers also have a joystick input 
that is intended for sprite control but even this special purpose device 
has its problems and many interesting alternative ways of using it. 

To bring the subject of animation to a close the subject of 
animating sprites against patterned backgrounds and animating large 
objects is considered. 


General Sprite Control 


So far the sprite animation loop — blank sprites, update sprites, plot 
sprites — has only been used to produce sprites that move around the 
screen bumping into things and occasionally exploding. However, 
interactive animation programs must allow the user a way of 
controlling at least one of the sprites in the display. This causes no 
real problem for the theoretical framework of sprite animation that 
has been constructed. The obvious place to insert any user control is 
in the ‘update sprite’ part of the loop. Also, the theory implies that 
whatever method of control is used it should be implemented as part 
of the force function — see Micro Graphics Parts 1 and 2. The 
simplicity of the sprite is partly due to the fact that its position and its 
. velocity are automatically updated in the same way each time through 
* the animation loop, and any variation in motion comes from the force 
| function. It is also this fact that makes it easier to implement sprites in 
> hardware — the regular updating can be carried out by hardware and 
, the simple but more varied behaviour of the force function can be left 
© tothe software. As has already been demonstrated in earlier articles it 
~ is possible to.exercise any sort of control over the motion of sprites 
> using the force function, but it isn’t always the most direct approach. 
¢. In particular, user control over sprites is rarely directly in terms of a 
© force function and it is usually more efficient, if a little less tidy, to 
_ alter the other quantities associated with sprites. User control can be 
lassified according to which quantity is directly affected: 
: £4 58 gp pt 


~ Each of these neice of sorter aémally occurs in games and other 
*: amination programs, each one has something different to offer and 
5 what is more surprising each one is encountered often enough to be 
*onsidered as an important standard technique. For this reason each 
one will be dealt with in turn and considered both from the point of 
view of keyboard control and joystick control. 


In part 3 of his series, Mike James looks at steering sprites and the creation of 


Positioning Sprites | 

Updating the x and y co-ordinates directly is the simplest form of 
control, When a keyboard is used as the input device every possible 
direction of movement is associated with a particular key. Each time 
through the animation loop the keyboard is inspected and, according 
to which key is pressed, the position of the controlled sprite is 
Seema For a 


This single program animates an poe It i is written in Dragon 
BASIC but it is not difficult to convert to other BASICs once you 
know that _ 


Although this program is very simple it does illustrate a number of 
important points of implementation. Firstly the keys U,D,L and R are 
used to control the movement of the asterisk simply because they are 
easy to remember as Up, Down, Left and Right However, in a real 
time action game the physical positioning of the keys would be more 
important than any mnemonic quality. Most computers have a set of 
four arrow keys that are often used as direction control keys but it is 
often the case that the physical layout of the arrow keys would make 
another, less obvious, set of four keys more suitable. In particular the 
arrow keys on the ZX81 and the Spectrum are four adjacent keys on 
the top row and most professional moving action games do not use 
them for control. What makes a good set of control keys is something 
that I don’t have a firm answer to, The keys should certainly be placed 
so that they don’t get in each other's way. A favourite layout of my 
own is two directions per hand, eg up/down on two adjacent keys on 
one side of the keyboard and left/right on the other but a wide range of 
layouts seem acceptable. A second poiat illustrated by the above 
program is the use of an auto-repeat facility to increase the 
smoothness of control. On the Dragon the program produces one 
movement per keypress and so moving the asterisk around the screen 
is very tedious. On other machines, such as the Spectrum or the BBC 
Micro, the auto-repeat facility (or just the automatic clearing of the 
keyboard roll over buffer by INKEYS$ or its equivalent) causes the 
asterisk to continue to move as long as the key is held down. Of 
course, there is a conflict between high repeat speeds making the 
sprite fast moving and difficult to position accurately and lower repeat 
speeds making the sprite sluggish but easy to position precisely. In 
general, if it is possible — as it is on both the BBC Micro and the 
Spectrum — the keyboard repeat should be adjusted to give the type of 
control that the application requires. 

The use of joysticks as the input device for position control is in 
principle a lot easier than the use of the keyboard. All you have to do 
is read the x and y position of the joystick each time through the loop 
and then, after any scaling that is required, simply transfer the 
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joystick position into a screen position. However, in practice things 
are not quite so simple. For one thing the joystick’s position can 
change a great deal in one animation cycle. In the extreme case this 
can take a sprite from one side of the screen to the other in one cycle! 
To see this try the following program: 


Once again this is written in Dragon BASIC but there should be no 
problems in converting it to other machines. Subroutine 1000 
initialises the screen and X and Y. Subroutine 2000 blanks the 
current position of the asterisk and subroutine 4000 reprints it. The 
only subroutine that might prove difficult is 3000 which obtains the 
new readings for the position of the joystick scaled correctly for the 
size of the screen. In the Dragon’s case the joysticks always return a 
number in the range 0 to 63 and this needs to be scaled to fit into a 
screen 32 columns wide and 16 lines high. If you run this program or 
its equivalent on your machine you will find that the movement of the 
asterisk is convincing until you move the joystick sharply from one 
side to the other— the asterisk appears to jump the entire width of the 
screen. This maybe what is required but in many games the fact that 
the asterisk can be ‘pulled’ around the screen in this way without 
passing through any of the intermediate positions can cause serious 
problems. A solution to this difficulty is to keep the sprite’ s position in 
one set of variables and the joystick’s in another. At each update 
instead of simply setting the sprite’s position to equal the current 
position of the joystick, the difference between the two is used to 
move the sprite closer to the joystick’s position. For example, if you 
want the sprite to move by — at most— one position vertically and one 
position horizontally per animation cycle then change subroutine 
3000 to: 


SGN(n) is a function that returns +1 if n is positive, —1 if n is 
negative and 0 ifn is zero. Using this information you should be able 
to work out what the new version of subroutine 3000 does. The 
joystick’s position is stored in I and J and the sprite’s position is in X 
and Y, If the difference between I and X is negative, line 3020 
subtracts one from X so reducing the difference. If the difference 
between I and X is positive line 3020 adds one to X, once again 
reducing the difference! Finally, if I and X are the same, line 3020 
leaves well alone and adds zero to X! The same update mechanism 
applies to J and Y. This form of position control makes the asterisk 
appear to glide towards the current position of the joystick rather than 
jump erratically about the screen. You might think that this gliding 
would be unnatural or difficult to control but in fact in use it is very 
pleasing. If you don’t require the sprite to move only one position at a 
time then there are a range of ‘following characteristics that you can 
use. For example, replacing lines 3020 and 3030 by: 


will make the sprite move toward the joystick, fast at first but slowing 
down as it gets closer to its final position. The value of the variable N 
governs how fast the sprite will move and so how closely it follows the 
joystick. 
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There are many other variations on positional control that canbe * 
used but they are all straightforward. The ideas introduced above 
should be used as starting points for your own experiments with 
positional control because it is very difficult to predict which forms of 
control are actually successful without trying them. One final point is 
that there is a lot of game potential in scrambling or coding the 
joystick inputs. For example, in the middle of a game it can add an 
element of excitement suddenly to discover that the way that the 
joystick affects the sprite has been reversed — ie moving the joystick 
up makes the sprite move down and vice versa! 


Velocity Control 


Velocity control is not used very much with joysticks because 
positional control seems to suit the situation much better. However, 
velocity control has a lot to offer if the only input device is a keyboard. 
Although this form of control is correctly known as velocity control, 
from the user's point of view it often seems more like directional 
control. The fundamental idea is that each time through the animation 
loop the keyboard is inspected and depending on which key is 
pressed, if any, the sprite’s velocity is updated. In most cases a change 
in velocity brings about a change in the direction of motion rather than 
in the speed of the sprite — although a change in speed is sometimes 
useful As an example of velocity control consider the animation of a 
‘bat’ first using positional control: 


where the XXX would normally be replaced by three solid block 
characters to represent the bat. This program moves the bat one 
position per keypress and:as such is a little slow and tedious. Now try 
the velocity control approach: 


you will discover that the bat drifts either right or left depending on 
which key you press. Notice that the position of the bat is updated 
automatically each time through the animation loop even if no key is 
pressed and that it is the velocity VX which is changed in response to 
a keypress. This example is typical of velocity control in that things 
keep on moving even if you don’t do anything. However, this simple 
one-dimensional (side to side) movement and control is not the only 
way that velocity control can be used. For example, as well as the 
obvious generalisation to two dimensions using fv. ~ keys to control 
the up/down, left/right velocity of a sprite you can introduce a single 
or double key control that ‘turns’ the sprite. For example: 
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| y INCREASING 


0,1 
x INCREASING —= 
Figure 1. The program uses two arrays to hold the x and y velocities, 


SET OF DOTS THAT 
BECOME FOREGROUND DOTS 


SET OF DOTS 
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BACKGROUND DOTS 


DIRECTION OF MOTION 


Figure 2. Illustration of how motion is obtained by redefinition of dots. 


This program uses two arrays V and W to hoid pairs of x and y 
velocities as shown in Fig 1. The direction that the asterisk is 
travelling in is determined by the current value of K. Each time a key 
is pressed the value of K is incremented by 1 and a new pair of 
velocities is selected. This action makes the sprite turn through 90 
degrees with each keypress. By adding four ‘more elements to the 
arrays you can make a sprite turn through 45 degrees, This type of 
control is particularly effective if the shape of the sprite is changed so 
as to point in the direction of motion. The method of doing this is 
exactly the same as described last month for internal animation only 
instead of using the animation counter as an index to select the shape, 
the direction index (K in the above example) is used. 


Velocity control could be used when a joystick is the input device 
and in this case the two components of velocity— direction and speed 
could be controlled. The x and y co-ordinates of the position of the 
joystick could be used, after appropriate scaling as the values of the 
sprite’s x and y velocity. The only problem is adjusting the scaling so 
that the range of speeds available is sensible. For example, the 
previous joystick position control program can be modified to 
demonstrate velocity control by adding 


Subroutine 3000 now updates the sprite’s velocity according to the 
joystick’s position. If the joystick is centered then the sprite will not 
move, otherwise it will move in the direction indicated by the joystick 
at a speed governed by how far away it is from the central position. 
This type of control is great fun to play with! 
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Acceleration Control 


Acceleration control is not quite as common as the previous two 
methods but it does have one very important use. In games based on 
simulations of landing or flying spaceships, firing a rocket produces a 
change in the velocity of the sprite by applying a constant acceleration 
as long as a key is pressed. This sort of control is most simply 
implemented by directly updating the sprite’s acceleration variables 
each time through the animation loop. For example, if a sprite is 
falling down the screen because of a constant vertical acceleration 
simulating gravity then a ‘landing’ game can be easily produced: 


The ‘rocket’ engine can be ‘fired’ by pressing the F key and this will 
change the acceleration from .1 to —.1 so slowing the descent. All 
that is necessary to change this into a full‘lander’ game is the addition 
of a fuel count and a sprite event detector for ‘touch down’, 

Acceleration control can be used in more complex ways, 
including two dimensional control and joystick control as with 
positional and velocity control. However, as these generalisations are 
not encountered very often and are very similar to the previous 
methods in implementation, they are not dealt with here. 


Backgrounds 


So far the least interesting subroutine in the sprite animation loop has 
been the ‘blank sprites’ subroutine. All this does is to print or plot a 
uniform block of background dots to remove a sprite from the screen. 
However, this only works if the background against which the sprites 
are moving is itself a uniform colour! In most cases sprites do not 
move across a uniform background. For example, ina space game the 
sprites would move against a background of stars or even planets, If 
you simply blank sprites by printing blanks then it is obvious that the 
background will slowly be eroded as the sprites move around the 
screen, Commercial video games machines often get round this 
difficulty by using printed transparent overlays that are stuck to the 
front of the screen. However, this is not a method that is suitable for 
home computer use. You might think that the simplest solution to the 
problem is somehow to save the area of the screen that the sprite is 
about to be printed at and then the next time through the animation 
loop the blanking subroutine could restore it. To use this simple 
scheme on most micros would require either some machine code or 
the use of PEEK to get the current contents of the screen. However, 
Dragon users have two commands ready made for the job: GET, 
which will read an area of the screen into an array; and PUT, which 
will restore the contents of the array to the screen. This method does 
indeed work but it doesn’t solve the additional problem of what colour 
or pattern the sprite’s own background dots should be. In most 
systems a sprite’s shape is determined as a pattern of both foreground 
and background dots in a square array of dots. If the sprite’s dots 
simply replace the dots on the screen then the patterned background 
will be destroyed even in places where it should show through, The 
solution is to avoid simply replacing the dots on the screen by the 
sprite’s dots. Most micros allow you to combine screen and sprite 
dots using ‘logical operation’, For example, ORing the dots together 


_ gives the following results: ; 


where b is a background dot and f is a foreground dot. If you examine 
this pattern you will see that the background dots in the sprite will not 
change the pattern of dots already on the screen — which is exactly 
what we need. The trouble is that in any given machine the way that 
logical operations are formed depends on the method used to generate 
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graphics. For example, the Spectrum’s parallel attributes graphics 
OR dots together in the way suggested by the table but the BBC 
Micro’s true colour display will only work in this way if you restrict 
yourself to two colours. The-situation is even more confused because 
most micros offer a range of logical operations— OR, AND, NOT 
and EOR are typical. In general preserving backgrounds during sprite 
printing and blanking is not easy. To a certain extent this is because 
micro and BASIC designers have not yet realised the importance of 
sprites. Most machines do not have commands like the Dragon’s 
GET and PUT, but there should always be a mode that allows sprites 
to be printed in such a way that only their foreground dots are 
transferred to the screen. 


Animating Large Objects 


Animating large objects is in fact not as common a requirement as you 
might imagine. This is fortunate because in general it isn’t easy! The 
fact that sprites are small enough to make it possible to ‘quote’ their 
dot patterns makes it easy to build a simple theory and method of 
using them. Large objects generally take too long to draw to make it 
possible to use draw, blank and redraw animation loops possible in 
anything other than machine code and even then it is often difficult to 
make things happen fast enough. The best general method available is 
to make use of the observation that as a large object moves the dots 
that make it up fall into three groups: 


For most large objects the set of dots that are unaltered at each move 
account for most of the dots. This means that such an object can be 
animated by changing only the set of points that should become 
background dots and the set of dots that should become foreground 
dots, For example, consider the problem of animating a large square 
block so that it moves horizontally across the screen, As the block 
moves the trailing column of dots is changed to background dots and 
the leading column of dots is changed to foreground dots. The 
following program for the BBC Micro will animate quite a large 
block: 


THAT 
INTERFACE 2 
REVIEW 


In last month’s E&CM a full review was 
promised of the new Sinclair add-on, the 
Spectrum Interface 2. To renage on the 
assurance would be unforgiveable, but to be 
blunt, there is really little to be said about this 
device. 

Take a4 x2 1/2" PCB, adda socket for the 
ROM cartridge, two 9-pin D plug sockets, 
and one solitary chip (the ubiquitous ULA). 


Subroutine 2000 will draw a line in background dots between X,500 
and X,600 and then a line in foreground dots between X+100,500 
and X+100,600. At first all you will see is a moving line but as soon 
as the line of background dots reaches the first line of foreground dots 
a moving square suddenly materialises! 

This method of only changing the dots that need to be changed 
sounds easy until you try it on a few apparently simple examples, 
Finding out the two sets of dots that change when a disk moves ina ° 
horizontal line is bad enough but if it moves alongacurvedpathasina | 
simulation of a rising sun then things are really tricky! 


Conclusion 
There are many more topics concerned with special animation | 
techniques that could be included in this discussion but the time has 
come to move on to two-dimensional static graphics. You will find, 
however, that many of the ideas are fairly obvious once you have 
understood the sprite method of animation, The most challenging 
areas of animated micro graphics at the moment are improving the 
methods of control and animating large objects — you might like to try 
to write a smooth ‘sun rise’ program using nothing but BASIC. Ifyou: 
succeed add a few clouds and I’m sure other E& CM readers wouldbe 7 
interested! } 


Next Month - Static two-dimensional graphics. 


Cover this assembly with a matt black plastic 
case and shove on plug and socket fore and 
aft, and hey presto there you have it — 
Interface 2. 

The device plugs directly into the 
Spectrum rear expansion port, or into the 
rear port of ZX Interface 1. No extra 
interface is needed to match the joystick to 
the Spectrum or software, and, once con- 
nected, the joystick will work with either 
ROM cartridge, cassette or Microdrive 
programs, A socket is available at the back of 
the Interface into which the ZX Printer plug 
can be inserted. 

The games cartridges, as neatly styled as 
the Interface itself, are encapsulated in a 
package about half the size of a matchbox. 
They are inserted into a porthole at the top of 
the Interface, and immediately the computer 


is switched on the title piece of the game 
flashes onto the screen — no more hours of 
waiting for those cassette games to load, no 
more fiddling with the volume controls. The 
cartridge connector is enveloped by a rubber 
skirt which is designed to protect the con 
nector from wear and corrosion. The 
cartridges fit very tightly into the Interface 
and extraction requires a swift yank; this is 
one potential problem area: the connection 
from Interface 2 to the computer has 
ominous similarities to that between the 
ZX-81 and its 16K RAM pack. It is quite 
likely that the continuous strain of insertion 
and extraction of games cartridges will result 
in a deterioration of the connection, and the 
device would best be used with a ribbon cable 
connection. A further omission from the 
design is a fail safe device to prevent insertion 
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of the cartridges when the computer is « 
switched on — an inevitable event at some # 
stage which could have unfortunate results ¢ 
for the computer. 

All in all Interface 2 is a very competitive 
product. Priced at £19.95 it will outperform ‘3 
the Microdrive and Interface | for the games — 
only enthusiast (a sizeable minority). A good -j 
deal of heartache will be suffered by the * 
software manufacturers faced with the . 
choice of writing on cassette, looped tape or # 
cartridge, Currently Psion are writing all the | 
ROM games cartridges (of which ten are » 
currently available) and this is a situation © 
unlikely to change until the success of the « 
product is assured. The cartridges cost : 
nearly as much as the Interface itself, at£15 ~ 
each, and three times as much as most 4 
cassette software. ; 
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ELECTRON A/D 
CONVERTER 


The Acorn Electron, equal to the BBC Micro in 
many respects, has only the most basic of built-in 
interfaces. An A/D converter by R. A. Penfold is the 
first of a series of projects which will give the 
Electron a potential approaching that of its big 


brother. 


The user port, RS423 interface, analogue 
port and 1MHz bus which make the BBC 
microcomputer so versatile are all lacking on 
the Acorn Electron, An Electron add-on 
interface unit is due to become available in 
the not too distant future, but it is also 
possible to add user-built hardware direct 
onto the expansion bus at the rear of the 
machine. 

A unit such as this forms the subject of this 
article, It is a four channel analogue to digital 
converter that also provides a couple of 
digital inputs. The unit could therefore be 
used with two joysticks and the digital inputs 
could be used for fire-buttons. The unit is 
also suitable for use in many measurement 
and control applications. 

On the face of it this analogue port seems 
to offer similar facilities to the one fitted to 
the BBC machine, and presumably therefore, 
also the analogue port of Acorn’s Electron 
add-on interface unit. However, there are a 
couple of important differences which should 
be borne in mind, One is that this unit is an8 
bit type whereas the BBC machine has a 12 
bit converter. Although noise problems 
prevent the latter from achieving proper 12 
bit resolution and accuracy, it probably 
offers slightly better accuracy than this 8 bit 
circuit. On the other hand, the BBC analogue 
port offers a maximum conversion rate of 
only about 100 per second, whereas this unit 


Overhead view of the completed A/D converter 
board. 


gives a maximum rate of around 65000 per 
second and is consequently somewhat more 
versatile. Although the circuit has only a 
single converter, a CMOS analogue multt 
plexer is used to provide four analogue 
inputs. This effectively reduces the 
maximum conversion rate if more than one 
channel is used, since each channel has to be 
converted in turn; but adequate speed can 
normally be obtained using this system, 
which is the one employed with most multi- 
input analogue ports (including the one on 
the BBC machine). The input voltage range 
is OV to just under 5 volts incidentally. 
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Edge Connector 


The expansion bus at the rear of the Electron 
is actually the rear of the double-sided 
printed circuit board, and it is designed to 
take a 2 X 25 way 0.1 inch pitch edge 
connector. There is a slot for a (ZX81/ 
Spectrum style) polarising key in the 
connector. The Electron manual does not 
provide any connection details, but Figure 1 
shows most of the edge connector functions, 
In this case only the address bus, data bus, 
supply lines, and read/write line are needed, 
all of which are available on the connector. 

Only a very basic memory map is provided 
in the Electron manuai, and this shows the 
input/output area as extending from & FC00 
to&FEFF, which is the same as for the BBC 
machine. In the case of the latter page & FE is 
used for internal input/output devices while 
pages & FC and &FD are free for external 
add-ons. The Electron input/output 
arrangement would seem to be very similar, 
and probably identical. Pages &FC and 
&FD certainly seem to be free for user add- 
ons, and in this case page & FC is used. On 
the BBC machine the upper eight address 
lines are not available on the 1 MHz Bus, and 
instead these are decoded to provide two 
outputs (one for page & FC and one for page 
&FD). This makes it possible to add one or 
two circuits to the 1MHz Bus without any 
extra address decoding, but, unfortunately, 
there would seem to be no equivalent to these 
outputs on the Electron’s expansion bus. 
Any user add-on must therefore include 
suitable address decoding. 


SLOT (ff) SLOT 
A14 (] A15 
A12 J A13 
A10 [gj] A11 


+5V [ff] +5V 


Figure 1. Edge connector functions of the 
Electron expansion bus. 
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Block Diagram 
Fig. 2 shows the general arrangement of the 
analogue port in block diagram form. 

The converter itself is a successive 
approximation type, and it has three state 
outputs which can be connected direct to the 
data bus. With this type of converter the 
input signal is compared with the output of a 
digital to analogue converter, and this has its 
inputs fed from the data outputs of the circuit 
The outputs are initially set to zero, apart 
from the most significant bit which is set at 1. 
This gives approximately half the full scale 
voltage at the output of the D/A converter. If 


3 STATE 
BUFFERS 


| cn 


this voltage is greater than the input voltage 
the most significant bitis left at 1, otherwise it 
is set at O. 


Next bit 6 is set at 1, and again it is either 
left at | or reset toO depending on whether or 
not the output of the D/A converter is at a 
higher potential than the input signal. This 
process is repeated for bits 5 to 0, with the 
digital output gradually becoming more 
accurate until it represents a true reflection of 
the input voltage. This system provides a fast 
conversion time, and for an 8 bit converter it 
takes just nine clock cycles. The 2N427E 
device used in this circuit will operate with a 
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maximum clock frequency of at least 
600kHz and gives a guaranteed conversion 
time of as little as 1.5uS, 

A “‘start conversion” pulse has to be 
supplied to the converter each time the input 
voltage is to be read, and this pulse is 
obtained from the address decoder. The 
address used is &FCOO, and the value 
written to this is obviously irrelevant as the 


pulse is not obtained from a line of the data — 


bus. The converter has a status output which 
goes high when a conversion has been 
completed, and remains in this state until a 
new conversion has commenced. This can be 
used to prevent the output data from being 
read until the conversion has been completed 
and the data is valid, but this facility is only 
really needed when using an assembly 
language routine. When using BASIC the 
operating speed is such that the time delay 
between sending the “start conversion” 
pulse and reading the output of the converter 
is long enough to ensure that conversion will 
have been completed. 

A three state buffer is used to interface the 
end of conversion output to the data bus, and 
this additionally provides the two digital 
inputs. These buffers are enabled when 
reading address &FCOl. The three state 
buffers at the output of the converter are 
enabled from the address decoder via an 
inverter stage, and reading & FCOO returns 
the value from the converter, 

A four channel multiplexer is used ahead 
of the converter, and its two address lines are 
controlled from data lines DO and D1 via a 
dual latch. The latching pulse is obtained 
from the address decoder, and writing 
(0, 1, 2, or 3) to &FCO1 selects the desired 
channel, 


The Circuit 


Refer to Fig 3 for the-full circuit diagram of 
the analogue port. 

IC3 is the converter, and R3 is the emitter 
resistor for the input stage of its high speed 
comparator, this must be fed from a negative 
supply to enable input voltages right down to 
the O volt supply to be compared, and the 


Electron provides a suitable —5 volt supply. 


R4 and Cl are the load resistor and de- 
coupling capacitor for the internal voltage 
reference used in the digital to analogue 
converter. R7 and R8 form an attenuator 
which reduces the input sensitivity from 0 to 
2.55 volts to a full scale value of just under 5 
volts. These also provide a suitable source 
impedance so that good temperature stability 
is obtained. 

The clock signal for IC3 is provided by a 
555 astable based on IC7. The specified 
timing component values give an output 
frequency at something approaching the 
600kHz guaranteed maximum for the 
ZN427E. 

IC4 is the CMOS analogue multiplexer, 
and it is an eight input type, but in this circuit 
one address input is simply tied to the 0 volt 
rail and four of the inputs are ignored. The 
input selected depends on the binary number 
fed to pins 10 and 11. IC6 is a hex D type 
flip/flop, and two sections of this are used to 
form the latching outputs which drive the 
address inputs of IC4. Data lines DO and D1 
are used to control the address inputs of IC4 
so that the number written to IC6 at &FCO1 
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selects the analogue input of the same 
number. 

ICS5 is a quad three state buffer, but here 
only three sections are used. Two are used to 
interface the digital inputs to data lines DO 
and D1 while the third interfaces the ‘end of 
conversion” status output of IC3 to D7. 

Address decoding is provided by IC] and 
IC2. IC1 is an8 input NAND gate, but two 
inputs are effectively eliminated by being 
connected to the positive supply rail. The 
other six inputs decode address lines A10 to 
ALS, and a negative output pulse is produced 
only when these are all high. This gives an 
enable pulse to the two negative enable 
inputs of IC2, 

IC2 is a4 to 16 line decoder, and it is used 
to decode AO, A8, A9, and the read write 
line. Four outputs are used. Writing to 
&FCO0O0 gives a negative pulse from output 0 
(pin 1) which activates the start conversion 
input of IC3. Reading from the same address 
gives a negative pulse from output 2 (pin 3). 
This is inverted by TRI to give an enable 
pulse to the tristate buffers of IC3 so that the 
output of the converter is placed on the data 
bus and read by the computer. Writing to 
&FCO1 provides a pulse from output | (pin 
2) which latches the data sent to IC4. 
Reading from this address gives a negative 


Figure 3. Full circuit diagram. 


enable pulse to ICS5 so that the digital inputs 
and status output of IC3 can be read. 

Note that the address bus is only partially 
decoded, and that the analogue port occupies 
all the addresses in page &FC (the two 
addresses mentioned above are probably the 
easiest to remember and use in practice). It is 
therefore not possible to use any addresses in 
this page for other purposes when the 
analogue port is in use. 

There seems to be no problems if the unit is 
powered from the Electron’s power supply, 
but if it is likely to be used for long periods of 
time it might be worthwhile using a separate 
power supply. The positive supply current is 
well under 100 milliamps (55 milliamps 
typical), and the negative supply current is 
negligible (about 65 microamps). 


Construction 


Details of the printed circuit board are 
provided in Fig 4. 

Construction is fairly straightforward, but 
be careful to fit the integrated circuits with 
the correct orientation — these do not all fit 
onto the board the same way around. As IC4 
is aCMOS device it should be fitted in a(16 
pin DIL) IC socket, and it should not be 
plugged into circuit until the board is other- 
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wise complete. Leave this device in its 
protective packaging until it is to be fitted in 
place, and handle it as little as possible, IC2 
and IC3 are not the cheapest of components, 
and it is probably worthwhile using sockets 
for these even if the other integrated circuits 
are soldered direct to the board. 

Veropins are used at the numerous points 
where the off-board connections are made. 
There are thirteen link wires, and construc- 
tion will probably be easiest if these are left 
until last. About 22swg enamelled copper 
wire is suitable for the link wires. 

Connection to the Electron is by way of a 
23 way ribbon cable about 0.5 metres long, 
and a 2 X 25 way edge connector. It is 
unlikely that a23 way cable will be available, 
but it is easy to cut down a 26 way or larger 
cable to the required size. Multicolour ribbon 
cable is preferable to the grey type as any 
crossed-over wires or similar mistakes will 
then be more easily spotted. 

The printed circuit board has been 
designed so that the connections on the board 
are in the same order as those on the edge 
connector, and wiring the cable to the edge 
connector is not too difficult, However, make 
quite sure that the connections are made to 
the right terminals of the connector, Before 
connecting the cable to the connector, strip 
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the insulation from the end of each lead, and 
then tin the bare ends plus the appropriate 
terminals of the connector with a small 
amount of solder. Note that Fig. 1 shows 
the Electron expansion bus as viewed when 
looking onto the rear of the computer. 
Before connecting the unit to the Electron 
carefully check all the interconnections at 
least once. It could be disastrous if the edge 
connector is fitted the wrong way round, and 
it would be worthwhile to try fitting a stout 
piece of wire into the connector at the 
appropriate place to act as a polarising key. 
At the very least the top and bottom of the 
connector should be clearly marked as such. 


ANALOGUE INPUT 0 
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Testing 

When testing the unit it is helpful to connect a 
potentiometer of about 5 or 10 kilohms in 
value to analogue input 0, as shown in Fig 5. 
If the program given below is run it should be 
possible to adjust the returned value from 0 
(fully anticlockwise) to 255 (fully clock- 
wise), with intermediate settings giving 
intermediate values. 


10 CLS 
20 ?&FCO1 =0 
30 ?&FCOO = 0 


40 PRINT TAB(19,12); ?&FCOO 
50 GOTO 30 


Line 20 selects analogue input 0, and this 
input will be connected through to the 
converter until a new value is written to 
?&FCO1, If you write (for example) 3 to this 
address the returned value should be 0, and 
the potentiometer should have no effect 
unless its wiper terminal is transferred to 
analogue input 3. Line 30 provides the “start 
conversion pulse”, and line 40 PRINTs the 
returned value at roughly the centre of the 
screen. Line 50 simply loops the program 


<q Figure 5. Connecting a potentiometer to 
the port, for testing purposes. 

WY Figure 4. Details of the printed circuit 
board. 
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back to line 30 so that a continuous stream of 
readings are taken. Note that the “start 
conversion” pulse must always be sent 
before the converter is read, 

The following program can be used to test 


‘digital input F1: 


10 CLS 
20 PRINT TAB(19.12}; ?&FCO1 AND 1 
30 GOTO 20 


This will normally return a value of 1 as the 
input will float to the high state, but 
connecting F1 to the 0 volt supply should 
give a reading of 0. Input F2 can be read by 
using “ AND 2” at the end of line 20 instead 
of ‘AND 1”, The value normally returned 
will then be 2, with a reading of O if input F2 
is connected to the 0 volt supply rail. Some 
“fire-button’” inputs are edge sensitive, but in 
this case the value returned is a true 
reflection of the logic state at the input. 

As mentioned earlier, the status output of 
the converter is irrelevant when BASIC is 


‘being used, and it cannot meaningfully be 


read from BASIC (it will always be at 
logic 1). 


PARTS LIST 


Resistors (all 0.25W 5%) 

390R (2 off) 

1k (3 off) 

82k 

1M8 

8k2 

6k8 

10k 


1uF 63V radial elect 
100pF ceramic plate 2% 
100uF 10V radial elect 


Semiconductors 
74LS30 
74LS154 
ZN427E 
4051 BE 
74L8125 
74L8174 
NE555 
BC239 or BC109 


Miscellaneous 

Printed circuit board, Ribbon cable, 
2 x 25 way 0.1 inch edge connector, 
DIL IC sockets (1 x 24 pin, 1 x 18 pin, 
2x16 pin, 2 x 14 pin, and1 x8 pin}, 
Veropins. 
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THE BBC MOS 


More important than BASIC? 


Mike James explores the finer points of 
the BBC MOS 


The BBC Micro and now the new Electron most often receive praise, 
and the occasional criticism, on behalf of the version of BASIC that 
they run. BBC, or Acorn BASIC, is certainly the most visible 
software component of the two machines but is not the only one and it 
may not even be the most important. Of the 32 K of ROM used in both 
machines 16K is allocated to the built in BASIC and 16K is allocated 
to the Machine Operating System or “MOS” as it is usually called. 
The fact that both the BASIC and the MOS take the same amount of 
ROM might suggest that they are of roughly comparable complexity. 
The fact that the BASIC ROM was finalised long before the MOS 
ROM should suggest that the MOS is if anything more complex than 
the BASIC! 

The reason why there is so little comment on the MOS probably 
has something to do with it being an operating system. The purpose of 
an implementation of a language such as BASIC is obvious but the - 
purpose of an operating system is not so clear. The quality of a 
BASIC is therefore easy to judge but it is difficult to set a standard for 
an operating system. Tradition has it that the purpose of an operating 
system is to make the facilities of a machine available to other 
' programs and ultimately the user and this is indeed what the MOS 
does. However, if an operating system offers up a facility in such a 
way that it is difficult to use does the fault lie in the operating system 
or the hardware of the machine? You might think that the answer to 
this question depends on the particular case, sometimes the software 
would be at fault and sometimes the hardware. The surprising thing is 
that it is always the software! No matter how horrible the hardware is 
it is possible for the software contained within the operating system to 
deliver it to the user in a way that is easy to use. The only thing that 
you can blame the hardware for is lack of speed and this might make 
the software’s job pointless - an easy to use but incredibly slow 
system is not something that anyone wants to use! An ideal operating 
system should, so to speak, “‘tame the machine’s hardware” so that 
other software can concentrate on putting it to good use. 

Another reason why operating systems are not an important 
factor in personal computing is that machine designers have often 
overlooked the need for good operating systems and concentrated on 
the quality of the BASIC. This has forced the BASIC grow 
extensions that look after whatever extra hardware that the machine 
has. An example of this approach at its most extreme can be seen in 
the APPLE II’s so called Disk Operating System or‘* DOS”. This is 
so much an afterthought to APPLESOFT BASIC that it is difficult to 
see it as a separate piece of software! The BBC Micro was possibly 
the first machine to fully use an operating system both to make 
facilities available and to enhance the performance of the hardware. It 
is difficult to put forward a case to say that Acorn succeeded in 
producing a good overall design for the MOS without going into a 
great deal of detail concerning the BBC Micro’s hardware and the 
different ways that it could be used. However, it is not difficult to pick 
on a number of examples that show how the MOS improves some 
aspect of the hardware or makes it easier to use the hardware. But first 
it is worth looking at the general principles that lie behind the MOS. 


An Advanced Design 

The main design decision that seems to have given rise to the MOS is 
that all of the machine’s I/O would be handled by it, and it alone. In 
this sense the MOS can be thought of as a layer of software that 
separates other system software such as BASIC from the hardware, 
(see Fig 1). This separation enables languages such as BASIC to be 
hardware independent, At first it may be difficult to see any payoffs 
for the user of this hardware independence but it is, for example, 
responsible for the uniform way that files are handled no matter what 
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the file device concerned — tape, disk, network or telesoftware. Asfar — 
as file devices are concerned there is just one set of I/O commands 
and the variability in the storage device is ‘absorbed’ by the filing 
system software. 

Miscellaneous and character oriented devices, such as the sound 
generator and the serial interface, are always difficult to build into an 
operating system in a regular way but the BBC MOS does its best. 
The text and graphics display is such an important part of the machine 
that it is given a section of the MOS all to itself— the VDU drivers. 
Other I/O devices are combined with miscellaneous operations and 
dealt with in two classes — those that only require a small amount of 
information to be passed and those that require a large or variable 
amount of information to be passed. The reason for this division is 
entirely. practical because it enables a simple method of 
communicating with the MOS to be used wherever possible. 

The final, and perhaps the least obvious, action of the MOS is to 
look after interrupts. The BBC Micro and the Electron are both 
advanced machines in that interrupts are an essential part of the way 
they work ~ not, as in the case of so many machines, an afterthought 
added to control a special I/O device or provide a clock. An interrupt- 
driven machine has a very special ‘feel’ about it for both programmers 
and users. Apart from providing the real time clock in the pseudo 
variable TIME the interrupts are used to service and maintain the 
extensive system of I/O buffers and queues. 

The structure of the MOS as described above can be seen in 
Fig 2, along with the names of the machine code subroutines that 
BASIC and other software uses to communicate with each section. 
Notice that although the interrupt and event handler looks as though it 
has no way of letting either BASIC or a user program gain access to it, 
this is not the case, as will be explained later, As with any piece of real 
software there are always odds and ends that don’t fit into the overall 
classification and the MOS is no exception. For example, there is a 
‘command line interpreter’ which, while not essential, does make the 
MOS easier to use. Now that the structure of the MOS is clear it is 
time to look more closely at each of its parts. 


Figure 1. The flow of data. 
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Figure 2. The structure of the MOS. 


The File System 


In most computer systems it is useful to distinguish two types of I/O 
devices — those that work in terms of named files and those that work 
by transferring small units of data one after the other. File devices 
include the well known cassette recorder and floppy disks of all kinds. 
However, for the BBC Micro the range of file devices extends to 
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exotic systems such as networks, telesoftware and ROM cartridges. 
Such diverse systems might lead you to believe that a different 
method of handling is appropriate and indeed necessary for each one. 
This is not so! The idea of a file and the operations that manipulate it 
are independent of the actual physical device used to store it The 
physical device affects the speed of storage and retrieval (and very 
occasionally it may not allow a particular operation) but it doesn’t 
alter the basic principle of handling files, 

The MOS uses a standard set of six machine code subroutines for 
all file operations no matter what type of device is in use. Two of the 
subroutines, OSFIND and OSARGS, are concerned with general 
file operations such as ‘opening’, ‘closing’, ‘deleting’ etc. The 
remaining four are used to read and write files; OSBGET and 
OSBPUT are used to read and write a single byte from and to a file 
that is already open. OSFILE reads or writes an entire file in one 
operation. The final subroutine OSGBPB will write or read a variable 
sized block of bytes to the file— this can only be used with devices that 
can sensibly support random access such as the disk system. 

Each one of these subroutines is used by referring to a fixed 
location in the MOS ROM but, as these locations immediately 
transfer control to jump vectors in RAM, the position of the code that 
actually carries out the operation can easily be changed. In this way 
the code used when you call one of the subroutines can be made 
appropriate for the currently selected filing system — tape, disk, 
network etc. These subroutines are used by BASIC to implement its 
file I/O and you should be able to recognise the correspondence 
between the BASIC commands GET, PUT and LOAD/SAVE with 
the MOS subroutines OSBGET, OSBPUT and OSFILE. Ofcourse 
the more familiar INPUT and PRINT make repeated use ofthe MOS 
subroutines to handle their multiple data transfers. 


The VDU Driver 


The VDU driver is responsible for performing all of the text and 
graphics operations allowed on the BBC Micro or Electron. If-you 
know how the BBC Micro and Electron produce their TV display you 
will realise that the VDU driver has a lot to do simply to make a 
character appear on the screen. As well as this fundamental job it also 
has to provide the colour control, implement the graphics commands, 
look after the scrolling, implement and maintain the text and graphics 
window and look after just about every other feature of the display. 
With so many different things to do you might expect that the VDU 
driver would consist of a great many different subroutines each with a 
different name and method of use. As in the case of the file system it is 
possible to make things simpler by careful planning and observing 
how information is normally generated and sent to a video display. As 
text is usually sent to the display in the form of a stream of ASCII 
codes it makes sense to continue to use the same method to 
communicate all the data to the VDU driver. In other words, the 
YVDU driver can use a single entry point as long as it examines the 
stream of ASCII codes that is being sent to it for special ‘control 
codes’. This is indeed what happens, The single entry point is 
OSWRCH and the ASCII codes are extended to include all of the 
text and graphics operations. For example, if the VDU driver detects 
an ASCII code of 12 then it will clear the text screen, acode of 16 will 
clear the graphics screen and so on. Sometimes the amount of 
information needed for a text or graphics operation is greater than a 
single ASCII code can convey. In this case a sequence of ASCII 
codes is required. For example, following ASCII code 31 the next 
two codes are not interpreted in the usual way but are taken to be the 
new X and Y position of the text cursor. 

The familiar BBC/Acorn BASIC text and graphics commands 
are implemented by sending the appropriate ASCII codes to the 
VDU driver. For example, the command CLS results in the code 12 
being sent to the VDU driver. In this sense the BASIC statements: 


CLS 
PRINT CHRS(12); 
and VDU 12 


all achieve exactly the same results, ‘they send code 12 to the VDU 
driver and so clear the screen and are therefore the same! TAB(X, Y) 
first sends code 3] and then two codes whose values are given by X 
and Y respectively. 

In practice it is useful to have three entry points to the VDU driver 
for convenience - OSWRCH which sends the code stored in the A 
register to the VDU driver, OSASCI which inspects the code and if it 
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is a carriage return sends a newline code to the VDU driver, and 
finally OSNEWL which is an entry point that esaRana salty sends a 
newline followed by a carriage return code. 

The power of this simple system of using a stream of ASCII codes 
to control the complex text and graphics operations takes some time 
to appreciate. One of its advantages is that both the BASIC 
programmer and the assembly language programmer control the 
display in exactly the same way. The sequence of codes that the 
BASIC programmer sends to the VDU driver, using say the VDU 


‘command, is exactly the same as the set of codes that the assembly 


language programmer has to send to the VDU driver by directly 
calling OSWRCH. 


Miscellaneous I/O 


There are two machine code subroutines that control a wide range of 
MOS activities- OSBYTE and OSWORD. Exactly what OSBYTE 
and OSWORD do is controlled by the code stored in the A register 
before they are called. Once again the programmer is spared from 
having to deal with a large number of separate and specialised 
subroutines by the simple expedient of using a single entry point and 
an action code. OSBYTE is made available to BASIC programmers 
in two ways. Firstly, it is used to implement many BASIC 
commands. For example, the INKEY function calls OSBYTE to 
read the keyboard. Secondly, many OSBYTE actions are available 
via the familiar *FX command. Only OSBYTE actions that do not 
return information to the program can be used via the *F X command, 
because, although the *F X command can transfer data to OSBYTE, 
it has no mechanism for returning it. The command *F X a,x,y places 
the value ‘a’ in the A register, ‘x’ in the X register and ‘y’ in the Y 
register and then calls OSBYTE. In this sense it is exactly equivalent 
to the assembly language — 


LDA a 
LDX x 
LDY y 
JSR OSBYTE 


If x or y are omitted the command will automatically load the 
appropriate registers with zero. 

The OSWORD subroutine works in a very similar way to 
OSBYTE but as, the amount of data involved is more than just the A, 
X and Y registers can hold, the *F X or an equivalent cannot be used 
to access OSWORD from BASIC. The only access to OSWORD 
that a BASIC programmer has is indirect and via the BASIC 
commands that call OSWORD to implement their operations. For 
example, the SOUND command sets up a data block of information 
about pitch, volume etc. It then loads the A register with 7, sets the X 
and Y register to point at the data block and jumps to OSWORD 
which does the real work of setting up the sound generator. 

The *FX commands are well documented in the BBC Micro and 
Electron’s manuals and so it isn’t worth repeating the list here. 
However, there are a number of OSBYTE and OSWORD calls that 
are useful from BASIC but no direct command is provided to access 
them. For example, the OSWORD call with A set to 10 will return 
the dot definition of any character. The ASCII code of the character 
is stored in the first location of a data block and the dot pattern is 
stored in the following eight bytes of the block when OSWORD 
returns. Although this OSWORD call isn’t available in BASIC it is 
easy to write a procedure to implement it — 

1000 DEF PROCshape(CODE%) 

1010 ?&600=CODE% 

1020 A%=10 

1030 Y%=&06 

1040 X%=&00 

1050 A%=USR(&FFF1) 

1060 FOR A%=1 TO 8 

1070 DOT%(A%)=A%?&600 

1080 NEXT A% 

1090 ENDPROC 


The eight bytes of the dot pattern for the character corresponding to 
CHR$(CODE%) are returned in the array DOT% which must be 
DIMensioned in the main program before PROCshape is used. The 
area of memory starting at &600 is used for the data block because it 
is unlikely to be in use for anything else. It is normally used for the 
parameter block for a CALL statement. As another example the 
OSWORD call with a set to 11 returns the logical to physical colour 
assignment as set by any previous VDU 19 commands. This is also 


ELECTRONICS & COMPUTING MONTHLY-51 


not available as a direct BASIC command but it is easy to add it as a 
function — 


2000 DEF FNphyscok L%) 
2010 2&600=L% 

2020 A%=11 

2030 Y%=&06 

2040 X%=&00 

2050 A%= USR(&FFF1) | 
2060 =?&601 


This will return the physical colour code assigned to the logical colour 
code stored in L%. You should be able to see the similarity between 
this function and the previous procedure. 

The final two I/O procedures - OSRDCH and OSWRCH 
(again) — are used to read and write single bytes of data to any of the 
character oriented devices. Normally OSRDCH will return the 
ASCII code of any key pressed on the keyboard and OSWRCH will 
send the ASCII code of a character to the VDU driver. This is 
because the keyboard and the screen are the default I/O devices. It is 
possible to change this default selection using the OSBYTE sub- 
routine and in this sense OSRDCH and OSWRCH are general 
purpose single character input and output routines. For example, 
following *F X 3,3 OSWRCH sends a character to the printer port 
and following *FX 2,1 OSRDCH gets characters from the serial 


port. 
Interrupt and Event Handler 


While the BBC Micro is running interrupts are generated by the 
interval timer responsible for maintaining the pseudo variable TIME. 
Each time one of these regular interrupts is received the interrupt 
handler, whose address is stored at &204, is called. This not only 
updates TIME it also checks to see if anything else needs doing. For 
example, it is responsible for altering the parameters of the sound 
generator for the duration of a sound countrolled by an envelope. It is 
this action that makes the BBC Micro’s sound generator so powerful. 
From a hardware point of view it is not at all impressive but, when it is 
added to the frequent and periodic attention that the interrupt handler 
provides, it is as good as more complex hardware and far more 
flexible. 


The interrupt handler also looks after the system of queues that 
are so important a feafure of I/O through the MOS. Using the sound 
generator as an example for the second time it is easy to see that at 
each interrupt the interrupt handler has to check to see if the current 
sound has reached its specified duration or not. If it hasn’t then it the 
sound generator is left alone. If it has then the sound queue associated 
with that channel is inspected. If it’s empty then the channel is 
switched off otherwise the parameters stored in the queue are used to 
start the next tone and the queue is ‘moved up by one’. This interrupt 
servicing of the sound queue is responsible for the BBC Micro 
apparently being able to do two things at once— run a BASIC program 
and generate a sound. The printer and serial ports are both associated 
with queues or buffers that are serviced by the interrupt handler and, 
as in the case of the sound generator, this greatly enhances the 
performance of the entire system. For example, it is quite possible for 
aBASIC program to print out a large quantity of data while getting on 
with another job. All it has to do is send data to the printer buffer until 
it detects, using ADVAL{ —4), that it is full. Then it can get on with 
another job and the interrupt handler will send a character at a time to 
the printer, at the rate that the printer can accept. Of course, if left in 
this state, all that would have been printed is a single buffer full of data 
but if, while carrying out its other jobs, the BASIC program 
occasionally checks to see if there is any space in the buffer, again 
using ADVAL{—4) and transfers enough data to keep it topped up 
any amount of data can be printed without stopping the BASIC 
program unnecessarily. 


Overall Design 


There are many good points that could be displayed as evidence that 
the MOS is an excellent piece of software but in many ways it is the 
way that the whole system fits together that is impressive. It is a relief 
to discover system software on a microcomputer that gives a hint that 
it was designed rather than thrown together and then finalised by 
adding sections to solve specific problems. The MOS is certainly a 
well designed and implemented operating system suitable for a micro 
computer and it is clear that a lot of thought went into its construction. 
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ZX hardware specialists 
Industrial microsystem design and manufacturer 


EPROMS for ZX81’s 

The ZX81 8K EPROM board allows direct access to 4 x 2K 2716 EPROMSor 
6116 RAM's. It fits in line with the ZX PRINTER and RAMPACK and contains its 
own power supply components. The board (or card for use with a mother board) 
costs £19.95 and comes complete with either EPROM | or Il. 

Further preprogrammed EPROMS are available priced £9.95 each: 
EPROM | 40 toolkit routines; EPROM Il RAPID SAVE/LOAD, 16K in one 
minute; EPROM X adds SPECTRUM commands to the ZX81; EPROM IV a 
machine code monitor, EPROM V a Z80 disassembler. 


EPROMS for ZX SPECTRUMS 

The 8K SPECTRUM EPROM board is available complete with one pro- 
grammed toolkit EPROM at£20.95, andcan accepta further three 2K2716,4K 
2732 EPROMS or 6116 RAM's. - More software soon. 


EPROM PROGRAMMER FOR ZX81 or SPECTRUM 
Programs INTEL 2716, 32, 32A 64 and 128. ZIF socket £54.75, AUTOSTART; 
runs a programme stored in EPROM on power-up £9.95. 


DATA AQUISITION AND CONTROL 

A wide range of hardware for control and monitoring purposes. 3 buffered 
precision analogue output card £26.95. 8 analogue input card in various 
degree of accuracy, from £23.95. 24 line IN/OUT Cards with various options, 
from£14.50, 12 input OPTO ISOLATOR £23.95, 48 line MULTIPLEXER£9.95. 
COUNTER/TIMER £13.95. REAL TIME CLOCK £21.95. 3 slot MOTHER- 
BOARDS: ZX81 £15.95, SPECTRUM £16.95. 


Also Available: 

AUDIO GENERATOR £20.95. ZX81 GRAPHICS BOARD £24.50. RS232 
Communications Interface £25.95. SPECTRUM RAMPACK Adaptor £6.95. 23 
or 28 way Edge Cards 75p, Angle Cards £1.25. 23 or 28 way Gold Edge 
Connectors £2.50. Gold Edge Cards £2.50. ECM12 


Eprom SERVICES 
3 Wedgewood Drive, Leeds LS8 1EF (0532) 667183 
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Based cround the powerful 8 Bit Motorola MC 
6809 processor this High Res. Microcomputer 
System is avallabie in kit form using A =x 6” 
boards, It can interface with m herais inc. 
printers, terminots, monitors & andis 
with the proven FLEX disk operating 
SEnOE Mlaeeiecoael eumarinineeniaes, 


‘computer system 
eat ig faucet ere ony. 
sly known as 77-68 and ‘The ECM Hi- 


has been renamed the DENNIS COMPUTER 
SYSTEM. It is now distributed exclusively by Stirling 


CASSETTE. Operates at 300, 600 
1200 ot 2400 Baud Uses industry 
Standord CUTS al 300 Baya 


PARALLEL. Two MC 6821 Poraile! 


£6.00 £20 00 


Microsystems. intertoce Adaptors. One MC 6848 

RANGE OF BOARDS Boord Kit Programmable Interface Timer £15.00 £50.00 
6809 CPU. MC 6809 Proces: ANALOGUE 

running at IMHz EPROM Socket for Channel 12 bit Analogue Input ...,....,..Available soon 
2716 (aK) £15.00 £60.00  2Chonnel Analogue output -.....-...0000 soon 


Savy Monit £28.00 SP Bug Listing only £5.00 
64K RAM. Uses8 « 4164(64K 

x 1) memory chips. Extended page 
facility for 4 boards per system 


PSI. System Power Supply 
+ 5V6A + 12V2A~12V1A Assembled £8900 


Design nates £1 per stem PRICES INC. VAT 
FLEX OPERATING SYSTEM SOFTWARE ON 5” 


£26 75 £125.00 


HI-RES. GRAPHICS. 8 Colours ” 
including black & white 512 x 512 or 8” DISKS INC VAT 
RES, using Thompson 9365 Configurable Flex with Eqitor & Assembter £138.00 
Monochrome version £46 00 £195.00 Debug Package £64 40 
Colour version £46 00 £275.00  Sort/Merge Packoge £64 40 
Hi-Bug Monitor £23 00. Hi-Bug listing only £5 00 Disk Uliirties $64 40 
Disk & Memory Diagnostics £64 40 

DISK CTRL. Single or Couble Density Text Processor £64 40 
BS cess stare Deny omy en 68000 Cross Assembler £230 00 
8” disks «£28.75 £138.00 — Relocating Assembler’ Linking Loader £132 25 
vDU. 40 Column by 24 Row Text Extended Basic £86 25 
Dispioy ASc}} Encoded Keyboard Pascal ~ 6809 Source Compiler £172 50 
Inpul Port £15.00 £75.00 CSCDynacalc Advonced Spread Sheet £161.00 
5M Bug Monitor £23 00 SM Bug listing only £5.00 STYLO Stylograph Word Processing £230 00 
Sole Distributors: 

The National 6809 Centre —_Serctortulspecitcoion 

ECMI2 2.41 Baker Street, London NW1. Tel: 01-486 7671 — ondatteeprice list 


Is the speech with its ULA based 
text-to-speech interpreter a_ break- 
through in low cost speech synthesis? 
Gary Herman has the answer. 


The Microspeech is specifically designed for the Sinclair Spectrum. 
The unit is neat and packaged in a small plastic case some 
8cm x 7cm x 1.6cm. The case is glued together and cannot, 
unfortunately, be opened for inspection. It plugs into the expansion 
socket at the back of the computer or into Sinclair's interface unit — 
although it cannot be ‘chained’ with other devices since there are no 
bus lines coming out of it. The unit takes power from the Spectrum’s 
expansion port and the computer must be turned off before plugging it 
in. The unit features two leads, one of which plugs into the TV socket 
on the back of the Spectrum and the other into the MIC socket. With 
the aerial lead from your television plugged into the Microspeech 
itself, sound generated by the unit and by the computer will be mixed 
and fed to the television. It would have been better if these leads had 
been slightly longer — at around 24cm there is very little ‘give’ when 
the unit is plugged in. In order to record speech or play it through an 
external amplifier, a lead connected to the Spectrum’s MIC socket 
(the line lead) may.be used. 

Unlike most other speech synthesis units in the same price range, 
the Microspeech contains a text-to-speech interpreter. It uses an 
‘allophone’ system based on the General Instruments SPO256-AL2 
speech chip — which is similar to, but not compatible with, the 
commoner SC-01 chip from Votrax. 


About Allophones 


Allophone speech generation uses units of spoken sound, rather like 
phonetic syllables, in combination to produce words and phrases. 
Thus the word ‘house’, for example, can be formed from the 
allophones H, UH3, AH2, UI and S. As you can see(and as a little 
thought will demonstrate) the alphabetic and phonetic spelling of a 
word are rarely the same. Incidentally, some of you may be more 
familiar with the term ‘phoneme’ than you are with ‘allophone’ — 
however, they are not strictly the same thing if only because the set of 
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phonemes is considerably larger than the set of allophones. 

Most cheap allophone speech synthesis systems make use of little 
more than the bare speech chip. Commonly, such a chip contains 64 
allophones— including pauses of various lengths— which are accessed 
by a 6-bit code consisting of the six least significant bits of a byte. 
Thus, the allophone SH is coded 00100101 (or 37 decimal) on the 
Microspeech’s chip and 00010001 (or 17 decimal) on the SC-01. To 
produce the sound, a chip has to be connected up to a filter and the 
appropriate code sent to it. The simplest allophone systems are 
treated as output devices and a BASIC program to generate speech 
then takes the form of instructions to output numerical data via the 
computer's I/O port. 

Text-to-speech interpreters are more-or-less complicated 
algorithms which remove the necessity of constantly looking up 
figures in a table of allophone codes and no less constantly revising 
your opinion of how a given word should be spelt phonetically. In 
their most sophisticated implementations, they translate words into 
sequences of allophones using data on the common pronunciation of 
individual letters, groups of letters and even whole words. 

The Microspeech’s text-to-speech interpreter is not that 
sophisticated. It will recognise and pronounce individual letters but 
goes no further. Thus it will mispronounce ‘through’, ‘good’, 
‘comely’ and even‘ hello’ although it should do alright with‘ red’, ‘bad’ 
and ‘electronics’. You will have to spell ‘love’: L-U-V (shades of the 
Shangri-Las)! 


Speaking Out 

For the impatient among you, the Microspeech is ready to talk as 
soon as it’s turned on. Press the ENTER key on your Spectrum and 
the machine will respond with the word ‘enter’. Keep the key pressed 
and the word will repeat at a speed determined by the key repetition 
rate POKEd into the appropriate location in the Spectrum's memory. 
Since most keywords and printable characters are voiced it’s possible 
to have some fun changing the repetition rate and making the 
Microspeech say ‘G...G...G... GOTO’ or whatever. 
Fortunately, typing‘ LET keys=0’ will turn of this facility which can 
after a while become extremely annoying (but is obviously valuable 
to people with impaired vision who would like to use a computer). 
‘LET keys=1’ will turn the key-voice back on. 

The simplest method of entering speech in a program is to use the 
Microspeech’s text-to-speech interpreter. Words and phrases are 
entered as strings with the reserved variable name: s$. Phonetic 
spelling should be used, so that: 


LET s$="*he(1I)(00)” 


will sound ‘hello’. But phonetic spellings are not fixed — 
LET s$=“hullo” gives an acceptable ‘hello’ and, of course, 
imaginative phonetic spellings can be used to produce a range of 
accents. 

The contents of the variable, s$, are read and entered into a 
‘first-in first-out’ (FIFO) buffer initialised as 256 bytes on top of the 
Spectrum’s top of BASIC RAM address (which is, therefore, moved 
down 256 bytes). The size of this buffer can be increased or decreased 
by use of a CLEAR command which makes RAMTOP point to a 
specified address, with the proviso that the buffer must be at least 6 
bytes to contain data on buffer and system status. An attempt to 
invade these top six bytes will result in the system crashing and 
re-initialising. 
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Data is stored in the buffer until the system requests its transfer to 
the Microspeech sound chip and each time a LET s$=" command is 
read the data is entered into the buffer. To prevent the data being 
corrupted and to give the buffer time to clear when it gets close to full, 
each‘ LET s$=’ command must be followed by a PAUSE command. 
Words and phrases can be entered into other strings beside s$ and 
then transferred to s$. In this way, words and phrases can be 
concatenated and sliced according to Spectrum BASIC’s string- 
handling routines. 

PRINTing s$ each time it occurs not only lets you see what is 
being spoken but also reports on the status of the speech-string. If the 
string is entered into the buffer, a‘ PRINT s$’ will return the string 
with an asterisk in place of the first character — ‘*e(1l)(00)’. If the 
string is unacceptable ( because, say, it includes some uninterpretable 
symbols) ‘PRINT s$’ will return it with a question-mark in place of 
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the first character—‘?e(11)200)’, for example. If the buffer is full, the 
string will be ignored and ‘PRINT s$’ will return it uncorrupted. 

The buffer can, of course, be addressed directly from a BASIC 
program by using a POKE command. In doing this, you must also 
update the buffer pointer which is contained in the top six bytes of the 
buffer (at 65365 and 65364 on a48K machine). The Microspeech 
manual — a brief but happily informative document — gives an 
assembly language routine for doing this. 


Swan Song 


Finally, the Microspeech has one quirk that may be of interest. 
Because the Spectrum’s CPU is not interrupt managed, when certain 
commands are entered the Microspeech’s buffer cannot be updated 
(nor, indeed, can any other task be undertaken). This is most obvious 
and irksome when it comes to the BEEP command which halts all 
program execution until the BEEPed sound is over. BEEPing in the 
middle of an allophone draws out the allophone so that it and the 
BEEPed tone sound together for as long as the tone lasts. The effect is 
not unlike singing . . . although, to be truthful, it’s not much like it 
either. 

The Microspeech is an impressive piece of equipment, given the 
limitations of price and the Spectrum, Like all low-cost speech 
synthesisers, it has the unhappy knack of sounding like a retarded 
Dalek with a cold, but I found it well-documented, relatively easy to 
use and reliable. These are not qualities necessarily apparent in 
considerably more expensive systems. 

The text-to-speech interpreter is, all things considered, a minor 
miracle, It would have been nice for some more technical information 
on the circuit and some more examples of phonetic spelling to have 
been provided. Although there is a facility for adding stress (by using 
capital letters) and creating ‘drawls’ (by repeating certain 
allophones), there is no immediate way of filtering the device’s 
output. It may be possible to filter the output from the line lead( could 
be worth experimenting?), but perhaps Currah will put their minds to 
it. Until then, we'll just have to settle for robotic male voices. (Currah 
Computer Components Ltd, Graythorp Industrial Estate, 
Hartlepool, TS25 2DF). ESCM 


E&CM PCB SERVICE 


HOW TO ORDER 

List the boards required and add 45p post and packing 
charge to the total cost of the boards. Send your order with 
a cheque or postal order to: 


ECM PCB Service, 155 Farringdon Road, 
London EC1R 3AD. 


Please supply the following PCBs: 


PLEASE ALLOW 28 DAYS FOR DELIVERY 
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ZX DISCO CONTROLLER 


Last month Mark Stewart described the hardware of our ZX Disco Controller. 


This month he moves on to discuss the software. 


In its basic form the unit can be treated like a 
simple 8 bit output port. Setting a bit to | 
switches on the lamps. Setting a bit to 0 
switches off the lamps in the associated bank. 
The testing routine described previously 
demonstrates a simple on/off procedure. 
Note that once set the state of the lamps 
remains unchanged until the computer issues 
another instruction. In effect the 8 bit latch 
chip IC3 acts as a one byte static RAM. 


More Sophistication 


The short programs shown below are for 
the ZX81. For the Spectrum the POKE 
instructions will need to be replaced by OUT 
instructions, Also the timing loops will need 
to be adjusted because the Spectrum and 
ZX81 run at different speeds. All of the 
programs are based on simple on/off 
instructions. The mains zero cross switching 
should be on to minimise interference. 

The next program uses the computer to 
control the timing of the triac turn on pulse in 
each half cycle of the mains. It demonstrates 
the technique of “phase control” which can 
be extended into much more ambitious 
programs which control the brightness as 
well as the sequence of the lamps. Fig 6 
shows the function of the two principal timing 
loops in the program in relation to the AC 
mains waveform. For programs of this type 
full control of the triacs is essential and SW1 
must be set for random triggering. The 
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program is written entirely in machine code 
for the ZX81 and must be run in fast mode. 

The program occupies 79 bytes. It is 
stored in a REM statement, The data loading 
program should first be entered. This is the 
usual loader program, except that decimal 
codes are being used instead of the more 
usual Hex. Line 20 asks for each op code to 
be entered. 

The op codes are entered one by one from 
the OP-CODE (decimal) column of the main 
program. Read from left to right line by line. 

When the program is running all eight 
channels will be controlled by the top row of 
keys on the ZX81. Use the left hand keys for 
dimmer, and the right hand keys for brighter. 
To return to BASIC press any key on the left 
side of the bottom row except shift. 

The program comments with the main 
listing give some idea of the operation. Two 
timing loops are involved. The main loop sets 
the timing of the triac trigger pulses in the 
mains cycle. A second loop sets the width of 
the trigger pulse— the Gate pulse timing loop. 
Fig 6 shows the operation graphically. To 
brighten the lamp the main timing loop is 
shortened so that the triacs are triggered 
earlier in the mains cycle. Dimming the 
lamps is the opposite. 

Using this principle the control can be 
extended to individual lamp control, auto- 
matic fading and so on, It is all a matter of 
software. 


ZX PROGRAMS 
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Figure 6. The two timing loops of the 
dimming program are related to the mains 
AC waveform. 


SOFTWARE 


SELECTION 


silimement| CYLON ATTACK 4 


As a concession to the fact that the Christmas season is fast approaching, and 
that our readers may wish to swap more weighty pursuits for some lightweight 
enjoyment during this time, we look at a range of current games software. This 
_month we look at packages for the Spectrum, Dragon, Oric and BBC/ Electron. 


DRAGON 32 


And All Because 


The idea for this game comes 
from the long running commercial 
campaign that features an athletic 
gentleman going through various 
rigorous manoeuvres in order to 
get a box of chocolates to a 
mysterious lady. 

This graphic game consists of 
nine different screens each requir 
ing the player to negotiate various 
obstacles (including killer mush- 
rooms) while ‘driving’ a variety of 
vehicles that include everything 
from a horse through motorbike 
to a hang glider. 

The game features a high score 
table and is certainly original in 
concept. 

B&H Software, 208 King 

Street, Cottingham, Hull. 

Price £6.95. 


Games Pack 1 


A collection of games that com- 
prise 10-Pin Bowling, Muncher, 
Micropoly, Mastermind, 
Noughts and Crosses, Wells of 
Omicron, Simon and Kings of the 
Valley. 

The games are written in 
BASIC and all the restrictions in 
speed and quality of graphics that 
this implies are quite apparent. 
Whether or not the variety of 
games offered makes up for the 
lack of sophistication of the 
individual titles is difficult to 
assess but on balance the package 
seems to offer value for money 
particularly as the programs can 
be listed to allow the techniques 
used to create the games to be 
analysed, 

Abacus Software, 21 Union 
Street, Ramsbottom, Nr. Bury, 
Lanes. 


Frogger 
A faithful emulation of the 
Arcade game that involves steer- 


five lane 


ing a frog across a 
highway and then a five lane river 
to the safety of one of five froggy 
homes. En route there are plenty 
of nasties that have squishing said 
frog as their sole aim in life. 

This package is produced 
under licence from the American 
originators of the arcade game 
and thus has the advantage of 
being very close to the arcade 
offering. 

As is usual in Microdeal 
packages such sophistication as 
joystick or keyboard option, fast 
and slow speeds, one or two 
player option, high score and 
freeze frame are all offered and 
add to the game’s attraction. 

If you're a Frogger addict, this 
version won't disappoint 

Microdeal, 41 Truro Road, St. 

Austell, Cornwall. 

Price £8.00. 


Hide And Seek 


This game is based on the tradi 
tional ‘Kim’s Game’ which, for 
those of you not too sure of your 
children’s games aims to develop 
short term memory — or that's the 
psychologist’s story at any rate. 

The game starts when various 
objects are put into boxes, which 
then ‘close’. The object of the 
game is to decide/remember just 
exactly what is in the various 
boxes. 

Another game on this tape is 
“What's Missing’. The basic idea 
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is the same but this time, after 
hiding the objects, the boxes open 
to reveal the fact that one object is 
missing, The task this time is to 
identify the missing item. 

This game, while being reason- 
ably entertaining to play, is very 
much aimed at educating children 
through play. 

Dragon Data, available from 

local stockists. 


Nightflight 

Nightflight demands that the 
player masters the skills involved 
in flying a single engine light 
aircraft. The object of the game is 
to take off, fly the plane around 
for a while and then to land 
preferably, as the instructions put 
it, on the runway. 


PUGHTFL 1G; Lif 


As may be expected from 
Salamander, the software, the 
game is of a high standard with 
many of the plane’s parameters 
under ‘pilot’ contfol and a 
comprehensive array of the air- 
craft's systems, including altitude, 
fuel and speed, displayed on 
screen, 

The program goes as far as 
allowing the pilot to go into Barrel 
Rolls and to perform loops — this 
is not recommended for the tyro 
pilot however. 

Salamander Software, 27 

Ditchling Rise, Brighton, East 

Sussex, BNI 4QL. 


Cruising On Broadway 


This is a fairly straightforward 
game that makes little demand on 
the intellect but sets out to test the 
manual dexterity of the player. 
The game involves piloting a 
character along a maze of straight 
lines while avoiding the attention 
of a semi-intelligent Chaser that 
will destroy your character if you 
do not keep a respectable dis- 
tance between the two characters. 

The game progresses through a 
series of mazes of increasing 
complexity and, from the third 
level, there will be two Chasers 
after you and things will be that 
bit trickier. 

Sunshine, 12-13 Little 

Newport Street, London WC2 


Dragon Fly 


Another Dragon flight simulation 
package that features a full 
instrument display which in- 
cludes Heading, Bearing, 
Artificial Horizon, RPM and 
Flaps. Two runways are featured 
and the package allows the player 
to indulge in a certain amount of 
aeronautics. 

Hewson Consultants, 60A St. 

Mary’s Street, Wallingford, 

Oxfordshire OXIO OEL. 
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Sinclair Spectrum§ 


Strike Attack 48K 


The object of this game is to pilot 
your jet (a Phantom) through 4 
barrage of enemy fire in order to 
reach your target. The game does 
not aim to provide a flight 
simulator as such and the on 
screen information is quite sparse 
being limited to that of altitude, 
speed and a warning of any 
enemy action in your airspace. 
The game is not easy to master 
and games players looking for a 
challenge might find it interesting, 
Micro-Mart, Greenhill Ind. 
Estate, Kidderminster, 
Worcester 
Price £7.95 


The Quill 48K 


A number of packages that make 
it possible to write in machine 
code without in fact having any 
knowledge of machine code have 
appeared in recent months, The 
Quill is such a product and it is 
designed to provide the user with 
an environment in which machine 
code adventure programs can be 
readily written. 

The package is accompanied 
by a voluminous 52 page manual 
that for the first half takes the user 
through an explanation of just 
what an adventure game is and 
how the Quill can be used to 
create an original game. 

The second half of the manual 
provides a detailed description of 
the Interpreter, Database and 
Editor as well as an explanation 
of the Error Messages. 

Adventure games are absorb- 

‘ing in themselves and anyone 
keen on these sort of games 
should find‘ Rolling Their Own’ a 
rewarding pastime. 

Gillsoft, 30 Hawthorn Road, 

Barry, South Glamorgan, 

CF6 8LE. 


Doom Bugs 


This is not a game for anyone who 
likes to keep spiders at arms 
length, The game is based around 
a great big bug and its pot of 
honey. The cast also includes a 
host of other bugs intent on eating 
either our hero bug, the honey or 
both. 

The aim is to get the hero out of 
the trap in which we find it by 
chomping away at a trap door to 
get to the next level. 

The game is written by Jim 
Scarlett who wrote Jaws Revenge 
and is likely to appeal to ardent 
gamers one and all. 

Work Force, 140 

Work Force, 140 Wilsden 

Avenue, Luton, Beds. 

Price £5.50. 
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Games Designer 48K 


This package allows one of eight 
pre-programmed games to be 
customised according to the users 
want. Virtually all of a games 
standard ingredients can be 
altered from the Game Format — 
the direction of movement and 
screen area occupied by the game 
elements, through the colours of 
both foreground and background, 
the nature of the sound effects to 
the way in which the attack waves 
are configured. 

This package follows the 
current vogue of offering in- 
experienced programmers the 
chance to design their own games 
without having to have a detailed 
knowledge of machine code 
techniques. The interactive 
nature of this package adds to its 
appeal and means that anybody 
can tailor one of eight games to 
their exact requirements. 

Software Studios — distributed 

by Quicksilva Ltd., 

Palmerston Park House, 

13 Palmerston Road, 

Southampton, Hants 

SOl ILL. 


Chequered Flag 48K 


This is one of the latest 
Psion/Sinclair products and is 
described as a companion to the 
best-selling Flight Simulation 
package from the same stable. 
The game starts after the player 
has made a selection between 
three different cars with varying 
power and handling character- 
istics. An instrument panel, a la 
Flight Simulator, is provided and 
the requirement to monitor this 
while keeping at least one eye on 
the road provides a real challenge. 
We have it on good authority 
that the way in which a car that 
attempts to take a corner at too 
fast a speed is based upon real 


grip and centrifugal force 
measurements. 

Sinclair Research, major 
retailers 

Price £6.95 


Space Raiders 


This is one of the new ROM 
based software packages for use 
with Interface 2. ; 

This game is by today’s 
standards slightly old fashioned 
being a version of the very first 
arcade games to appear in this 
country. It features the familiar 
rows of alien invaders that slowly 
work their way down the screen. 
You are in charge of a laser base 
which can be moved only in the 
horizontal plane. 

The only shelter provided is a 
few buildings in which you can 
temporarily hide your laser base. 

If you have fond memories of 
those early space invader 
machines — this is a game that 
you'll enjoy. 


Sinclair Research, major 
outlets. 
Price £14.95 


Heathrow Air Traffic 
Control 16K/48K 


While there are plenty of 
packages about that will appeal 
to any budding pilots this 
product is aimed more at those 
whose aspirations are in the 
area of air traffic control. 

The program features exten- 
sive information on the topo- 
graphy of the land around 
Heathrow and, once the 11 
pages of instructions provided 
with the game have. been 
mastered, anyone with an 
interest in aviation can expect 
to spend many absorbing hours 
with the simulators. 

Hewson Consultants, 60A St. 
Mary's Street, Wallingford, 
Oxfordshire. 
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Cyber Rats 


An arcade game that involves 
blasting metallic menaces into the 
next galaxy. Player controls 
allow movement in both the 
vertical and horizontal directions 
and the game features a hi-score 
display and a two player option. 
Silversoft, 20 Orange Street, 
London WC2H 7ED. 


BBC Micro 


Missile Control from Gemini is 
definitely one of the best new 
games for the BBC micro, It is a 
devil to load the second part of the 
program, but after the third or 
fourth attempt you realise it was 
worth the effort. The object is to 
save a city from annihilation by 
incoming missiles, from a second 
wave of more elusive planes and 
satellites, and from wave 6 (I 
never got that far) of ‘Smart’ 
missiles which can cleverly avoid 
the ground fire. The players anti- 
missile missiles are fired from a 
choice of three batteries and 
aimed by a cross on the screen 
which can be moved by the cursor 
keys. This game really requires 
joystick control however, be- 
cause there are far too many 
(badly chosen) keys to manipu- 
late on the keyboard (fire, up, 
down, left, right, battery etc.). 

Missile Control is a game of 
skill, requiring fast reactions and 
dextrous fingers, and with tre- 
mendous appeal, This, however, 
is not all, for the best aspect of this 
game is losing! The graphics 
which appear on the screen at the 
end of the game are of such a fine 
quality they rival the game itself. 

The BBC is one of the micros 
best served by the new 3D games. 
One such is3 Deep Space which 
uses the same green/red stereo- 
scopic system as the ‘Creature of 
the Black Lagoon’ and other such 
movies. The graphics are how- 
ever simple line drawings, with no 
blocks of colour or background, 
Nevertheless the effect is interest- 
ing and complemented by a good 
space game, in which alien 
objects (of a not too interesting 
shape in the first sequence) are 
destroyed with either 3 devastat- 
ing missiles or by air attack. Inthe 
second phase the aliens look 
suspiciously like insects. 

Bugbytes Oblivion is an un- 
usual and refreshing adaptation of 
Space Invaders, Imagine that 
game, but with the players gun 
able to move up into the air as 
well as from side to side, and the 
enemy ships wheeling in from all 
angles, and you will have a good 
idea of Oblivion(the source of the 
title escapes me). 

Also from Bugbyte is Sea 
Lord. This is not of the quality of 
Oblivion. While sailing around in 
your minisub you stray into the 
territory of a malevolent Sea Lord 
who’s voice, according to the 
program blurb, booms out over 
your radio (not so, bugbytes 
technology stretches only as far 
as a textual representation). The 
‘power crazed dictator’ then 
sends his mini-subs, or if you 
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destroy them submarines, and 
finally ‘fighters’(!) to attack you. 
This is one of those games in 
which velocity is determined by 
rotating the craft, which does not 
promote accuracy of fire. How- 
ever it is still all too easy to 
destroy the enemy, and this game 
is unlikely to have any lasting 
appeal. 


Cyclon Attack (A&D Soft- 
ware) and Lunar Rescue 
(Alligata) are similar in that both 
require launching and docking 
from a mother ship. The former 
relies for fun on the gratuitous 
destruction of the skull shaped 
enemy ships, while the aim of the 
latter is to rescue fellow astro- 
nauts marooned on the lunar 
surface (perhaps a more worthy 
aim?). Cyclon Attack is a cockpit 
eye view game, with instruments 
indicating fuel, shield status, 
mother ship status, weapons left 
etc., and a gun aiming device 
which changes shape as the 


enemy draw into it. An excellent 
game but not worthy of the 
description ‘3D’ which is found 
on the cover. 

Last of the BBC games 
reviewed is Moon Raider, from 
Program Power. This game turns 
the tables and the player becomes 
the attacker looking for ‘alien’ 
bases on the moon (can there be 
any other kind?). Again you have 
to watch your fuel level while 
searching for enemy radar, 
rockets, ack-ack batteries (these 
aliens aren’t too sophisticated) 
and. bouncing space mines, 
Fortunately Fuel Transports are 
available to replenish the supplies, 
Three levels of difficulty are 
available. 

Educational and utility packs 
now available for the BBC in- 


(The German Master and The 
French Mistress — the double 
entendre is no doubt intended ~ 
from Kosmos Software), The 
Generators (a graphics and text 
generator by Quicksilva), and 
Flexibase which is a home filing 
system by Alligata, 

‘The Generator allows the 
user to create graphics and text 
screens in Mode 7 of the BBC, 
and the beauty of this system is 
that the maximum of 12 screens 
(1K per screen) can be loaded to 
memory, saved and recalled at 
any time to be used within the 
users Own programs (using a 
special CHAIN routine). The 
screens are created using the 
function keys to denote seven 
colours for a selection of 6 
graphics blocks. It is very easy to 
create the screen backgrounds: 
observing their use in a particular 
program (especially one with 
moving sprites) would necessitate 
further research however. On the 
face of it this system is an 
excellent buy, particularly for 
children who will be able to 
indulge their creative abilities. 

French Mistress and German 
Master are teaching programs to 
learn and test vocabulary, limited 
grammar, and gender (in the case 
of the French Mistress). As an 
example, on the French Mistress 
there is a series of four files each 
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with eight lessons varying from 
vocabulary through to tenses, 
adverbs and premonitions, verb 
infinitives, conjunctions etc. The 
user enters a string in answer to 
each question. New lessons can 
be created by the teacher. 

The Flexibase database sets up 
amaximum of 32 files each witha 
capacity for 254 _ records 
separated by field name. Features 
include sort (alpha only) and a 
search option which will match 
any string in any field, or in one 
field, less than or greater than 
match string, or a combination of 
any of the above using <and> 
and <or> logic operations, _ 

t) 


ORIC 


Oric software is not always of the 
finest quality, and is available in 
scant quantity; certainly that is 
the impression gained from this 
month’s offering of the software 
houses. 

The abysmal Moonster from 
Quark Data, while not typical, is 
the worst of a mediocre bunch. 
The most exacting element of this 
game is to discover which keys 
move the sprites and fire their 
intergalactic death rays. The 
answer must be achieved by trial 
and error, and I will not spoil 
anybody’s pleasure by revealing 
the solution. 

What remains is a poor man’s 
space invaders, probably im- 
possible to lose blindfolded, 
followed by an equally facile 
(monchrome) maze sequence in 
which an ungainly mess on the 
screen is manoeuvred past the 
evil ghouls to capture the Ruby in 
the cave(!). The response of the 
sprite to the keys is no less sluggish 
than a sloth in a state of advanced 
rigour, but despite this the ghouls 
never catch up and the ‘game’ is 
over in seconds, One thing only is 
less inspiring than Moonster, and 
that is its packaging; this will have 
the positive effect that only the 
hardened games junky will be 
attracted to, and disappointed by 
a pitiful product. 


By contrast, Oricmunch is a 
professional quality Pacman 
variant from Tansoft, with beauti- 
ful sound effects and colour, 
likely to provide hours of enter- 
tainment for those with no more 
pressing mental commitments. 
Nine levels of difficulty are 
available, and it is possible to 
start at 1 and work up to 9 during 
the game, or to begin at 9 and 
work up to many millions of 
points at one’s leisure. 

Adventure games, according to 
current prejudice in the distribu- 
tion trade, are purchased largely 
by adults, Infants, it seems, prefer 
the immediate gratification of 
blasting asteroids from the sky, 
and I cannot say I blame them. 


Hell’s Temple (Kenema 
Associates) is a typical example 
of its kind, a product of the dark 
ages when compared to the new 
‘real-time’ 3D adventure games 
now available. Hell’s Temple 
boasts some 70 different mon- 
sters to battle with, but each one 
lies only in the imagination and 
not on the screen, and there are 
few occasions during the play 
when the user has control over 
his/her destiny. 


Salamander have two new’ 


games for the Oric on the market 
this month. The first, Oric Trek, 


is a clash between Captain Kirk’s 
USS Enterprise and the massed 
forces of the Klingon starfleet. 
The screen is divided into two 
sections; a short range scan and a 
long range scan, plus status and 
damage control reports from the 
likes of Scotty, Sulu, Uhura and 
Chekov. 
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Photon torpedoes, 


hyper- matters, 


which to send Klingon warriors to 
an early grave. This is an 
excellent and well produced 
game, but, with the vital instruc- 
tion sheet missing from the review 
copy (oh frustration!) its full 
potential could not be realised. 
The second Salamander 
product is a games compendium 
featuring Donkey Derby, Viper 
and Kingdom, and a space 
docking game, Space Station. 
The player must dock his ship 
with only limited fuel available. 
Two perspectives are given of the 
ship on a split screen, and the ship 
is manoeuvered across three 
vectors, Just to complicate 
stray remnants of a 


probes, shield controls and warp meteor storm are passing by the 


drive are all useful little tools with space 


station as you dock 


Contact with these has unfortun- 
ate results for the astronaut. 

On the more serious side of life 
(what could be more serious than 
computer games?) is Oricmon 
(PSS). This is an extensive 
machine code monitor and dis- 
assembler. It permits hex codes to 
be entered, RUN and debugged. 
The full 6502 disassembler gives 
various memory displays and 
modification commands, A com- 
plete set of commands for de- 
bugging includes breakpoints, 
hex calculation and conversion 
commands, 

Filestar(Kenema Associates), 
as its name suggests is a file 
handling system with sort, record 
search and line search, and 13 
various editing commands. Only 


one file can be handled at any 
time, and is automatically deleted 
on creation of a new file. Address. 
fields extend over just 16 charac- 
ters maximum. The program is 
very fast — it is equal to pro- 
fessional quality in this respect — 
and leaves enough space in the 
48K Oric RAM for quite 
extensive files. One bugbear is 
that the screen all too often goes 
right back to the menu if a mistake 
is made. Hopefully this is a 
tendency which could be over- 
come by someone more familiar 
with the system. 


E& CM 


A new occasional feature 
presenting readers’ circuit hints, 
tips and ideas, 


This month Ralph Lovelock 
describes a Pulse Recovery 
Circuit. 


ell September issue of E&CM a useful 
cassette signal conditioner was described, 
using an operational amplifier connected to 
form a Schmitt trigger. The writer warned 
that the rise time was more than that from a 
normal digital ciruit, but was more successful 
in dealing with fast tape transfer due to the 
greater degree of hysteresis. The only great 
disadvantage for many constructors is that 
without an expensive cathode ray oscilo- 
scope it cannot be reliably set up, or checked 
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later, the use of miniature preset to adjust a 
positive feed-back would introduce a degree 
of ‘wander’, as might also the use of 
electrolytic capacitors with small, but 
significant leakage current. The unit des- 
cribed here is only slightly more expensive, 
and no larger physically, and uses the dual 
3240 equivalent of the 3140 used in the 
conditioner described. 

The circuit is shown above, and has the 
one great advantage that the functioning can 
be calculated, and then checked statically 
with little more than a normal test meter 
reading up to 5 volts. The two capacitors 
used are miniature Siemens polycarbonate 


with negligible leakage, a dual supply is used 
to obtain the stability of a central ground 
point not dependent upon a varying driven 
tap across a single-ended one, the two 
threshold levels are symetrical about ground, 
giving a greater and more stable degree of 
hysteresis, and the pulse rise-time is re- 
stricted to the amplitude of the pulse actually 
required. 

The input voltage is restricted to a level 
safe for the 3240,C1 RI locate the input 
symetrical about OV and D1 D2 limit its 
amplitude to 7.9V peak to peak. D3 D4 limit 
the output from the Schmitt to 1.3V peak to 
peak, so that an input exceeding 1.5V p/p 
will suffice to trigger the circuit, while the 
input current can rise to 120mA RMS 
without damaging the circuit, or significantly 
spoiling the output wave-form., 

The output is limited to values which will 
not damage TTL chips. The second amplifier 
has gain variable by R3 R4 VRI such that the 
output will lie between 1.5V and 4.5V p/p. 
The output from the Schmitt is not quite 
symetrical about G because it is driven to SC 
current in each direction, and the output 
current positive to G is around twice that 
negative to G, but C2 R5 R6 move it to 
symetrical about the average value between 
5V and G. 

Providing the input voltage is kept well 
above 1.5V p/p it will be approximately 
symetrical for + 0.65 V so that the output will 
closely approach square, and the transition 
of Schmitt output should be about 120nS 
p/p. The feedback on the second amplifier 
will ensure that the generated wave is 
independent of load, and that the output will 
be similar in shape, with p/p transition 
between | 20nS and 500nS depending on the 
setting of VR1. VRI is a linear wire- wound 
component that will not suffer the wear and 
noise problems associated with carbon 
tracks. 

The development model was assembled on 
a piece of plain (no tracks) Veroboard. The 
resistors and diodes were all mounted 
vertically to minimise strays and feed-back, 
and the 3240 was mounted in a socket to 
avoid danger of damage to the sensitive input 
sections. 
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INTRODUCING 6502 AND Z80 


VECTORS 


It is a great pity that even now, after the explosion of home computing, many 
useful computing techniques remain intelligible only to a few initiates. One such 
device, more mythical than real to many programmers, is the use of vectors and 
the closely related subject of indirection. Adam Denning, in the first of two 


articles, sets out to demystify the mysterious. 


At the most basic level, vectors are closely connected with bus routes 
— getting somewhere by an indirect route! Put simply, a vector is an 
entity that points to another, and naturally in computing terms these 
entities are more often than not memory locations. 

It follows, therefore, that vectors are one way of implementing 
indirection, a strange word that means getting to one place via 
another. BBC Micro owners will immediately be reminded of that 
computer ’s ‘indirection operators’ (?,! and$), and may be wondering 
exactly how these operators came to be given their ‘indirection’ 
prefix. This is one area in which the User Guide falls down, as it fails 
to explain indirection, the implication being that one would only 
require to use the operators if one understands indirection, which is 
rather arrogant. 

Using the ‘?’ indirection operator as an example, its common 
usage is as a unary operator, that is, only one operand/argument is 
specified. Thus, 


are examples of unary operation. In fact, they are directly equivalent 
to 

From this, there seems to be no real reason why these operators 
should be described as indirection operators. However, the BBC 
Micro has a number of clever little tricks up its sleeve, and one of 
these is using? and! as binary operators; that is, with two operands, 
Unfortunately, the BBC Micro places a restriction on the user in that 


the leftmost operand in these cases must be a variable rather than a 
constant, but in practice this is no real drawback. Itisjust an annoying 


show of indirection! When oS used in this is occa is: 


where ‘variable’ is the base address under consideration and ‘offset’ is 
a number (which can be a constant, a variable or an expression) 
determining the actual address being examined or changed by the 
instruction. Thus, if Add = 24576, then 


would print out the contents of address(24576 +35), which is 24611, 


and 
would place 200 into memory location 24616. The indirection is 
more obvious here, 

To really get to grips with vectors, we have to descend to machine 
level and start talking in machine code terms, Apart from the Dragon 
and a very few other micros, the majority of computers under £500 
use either the 6502 or the Z80, so it is sensible as well as convenient 
to discuss vectors in terms of these processors. In any machine- 
dependent parts of this article, the BBC Micro will be used as an 
example of a6502 based machine and the Spectrum will take the part 
of the Z80 computer. 

Although each processor impliments vectoring in slightly 
different ways, there are enough similarities for a6502- only person to 
understand the Z80-specific parts and vice versa. There are also 
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numerous examples of how to extend each processor's techniques to 
be applicable to the other, to show that the principles are truly 
universal. 

As previously stated, a vector is a pointer to somewhere else, and 
the need for this sort of utility arises in a number of instances at 
processor level, For example, the servicing of interrupts, the scanning 
of lines in a compiler or interpreter (or even in an adventure game) 
and data structures such as linked lists. In fact, some languages such 
as LISP, FORTH and BCPL revolve around vectors, the latter being 
based on the principle. 


Z80 Interrupt Modes 


Taking interrupts first, On the Z80 there are three different interrupt 
modes, invoked by assembly instructions IM 0, IM 1 and IM 2, Note 
that during the servicing of an interrupt on this processor only the 
program counter is saved (on the stack), so an interrupt service 
routine would have to preserve other registers either by multiple 
PUSH instructions, or if possible, the much faster EXX and EX 
AF,AF instructions, 


In mode 0, the Z80 gets information from the peripheral that 
caused the interrupt (in fact, it could be any peripheral) telling it 
which RST instruction to execute: no vectors here. In mode I an 
interrupt always causes the processor to undertake an RST 38 
instruction. This is the mode that the Spectrum uses, and RST 38 on 
this system is the keyboard scanning and frame counter updating 
routine. Again, no vectors in the real sense of the word. Now, 
Interrupt mode 2 is where things start to get interesting. There is a 
register deep within the Z80 called the I register, which deals 
specifically with interrupts. In mode 2, as in mode 0, the processor 
gets some information from the peripheral causing the interrupt, but 
this time, this information forms the low byte of a vector table 
address. As may have been guessed, the I register forms the high byte. 
As a vector has to occupy two bytes per address, it is a convention 
that the least most significant bit (ie. BIT 0) provided by the 
peripheral is always reset (i.e. zero), so that the address formed from 
it and the I register is even. This naturally means that a vector table 
has to start at an even address, such as FEOO if this convention is 
adhered to. 


So, suppose a table was set up in memory starting at FEOO, the I 
register was loaded with FE, interrupt mode 2 was selected and an 
interrupt occurred. The vector table should consist of up to 128 
different service routine addresses, occupying 2 bytes each. Then. on 
an interrupt, the processor gets a byte from the peripheral, combines it 
with the I register, and thus forms a 16 bit address, This address will 
of course be within the vector table, and provided the reset bit 0 
convention was followed, this address will contain a valid vector, 
This vector is then loaded into the program counter (this having been 
previously saved on the stack automatically), so that the processor 
‘vectors’ to a service routine. At the end of this routine, one would 
normally have either a RET or a RETI instruction, which returns the 
processor to wherever it was before being interrupted. 
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Z80 CPU 
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| 


PERIPHERAL REGISTER 
BYTE XX FE 


ADDRESS 
BUS 


SERVICE 
ROUTINE X 


(a) Interrupt mode 2 
on the Z80. 


(b) A Vector table. 


Vectoring on a Spectrum 


Obviously, this technique is extremely useful, as one can then have a 
system that can react in 128 different ways to an interrupt. On the 
Spectrum, however, things are not quite so useful as the hardware 
imposes a number of restrictions upon the user. Not least the constant 
DMA’ ing (Direct Memory Accessing) of the first 16K of RAM to 
form the screen display, and the fact that any system still relying on 
BASIC must also execute an RST 38 as well as any other user routine 
on every interrupt, In effect, all this means is that the vectors cannot 
be placed in memory between 16384 and 32768, which would seem 
torule out 16K Spectrums. This is because vectoring from this area of 
memory causes screen interference. 

However, all is not lost. By ignoring the reset bitO convention, itis 
useful to know that the default value for unused ports is FF on the 
Spectrum, so an interrupt in mode 2 with no peripherals attached 
(standard peripherals such as the printer and the microdrive cause no 
problems) will cause the processor to vector from an address formed 
from the contents of the I registers and FF. 

So, rather than a vector table, there would be one address in 
memory at address ‘I FF’, and this would be vectored to on an 
interrupt. Thus, on a 16K Spectrum, it would have to contain a value 
under 40 hex, and on a 48K machine, this value has to be between 0 
and 3F or between 80 and FF to avoid screen interference. This 
involves being rather devious on a 16K Spectrum, as values of below 
40 would mean having the vector in ROM, so it is necessary to search 
through the ROM looking for two adjacent bytes that together form a 
RAM address, in order to write a routine to look after the interrupt. 
These two addresses must also start at an address XXFF, where XX 
is the contents of the I register. 

Examination reveals a few useful addresses, a convenient 
example being 28FF, which would cause a vector to 7ESC, whichis 
well within a 16K Spectrum’s RAM. A 48K owner has more 
flexibility and can either use this vector, search through ROM for 
some more suitable one, or create his own in RAM above 8000 hex. 
To cause the Spectrum to jump to this routine whenever an interrupt 
occurs, the following short program will suffice: 
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ADDRESS MEMORY 


FEO®@ VECTOR @ 
FE@2 VECTOR 1 
FEQ4 VECTOR 2 


oe 


VECTOR X 


VECTOR 125 
VECTOR 127 


PROGRAM COUNTER 


Ofcourse, this routine must not be run until a routine actually exists at 
TESC, or the system will crash. On a 48K Spectrum, things can be 
made more general with an assembler by including a routine called 
say ‘INT2ON’ in any program on which vectored interrupts are to be 
used, with the actual service routine being called something like 
‘INTRPT. Then, an assembler file such as this will allow the use of 
interrupts whenever you like: 


In both cases, the way to set the interrupt handling back to normal on 
a Spectrum is with this little routine: 


Listing | shows a short program using this facility to provide an 
accurate digital clock on the Spectrum, that runs all the time, even 
during BASIC programs. Of course, routines that disable the 
interrupts, such as BEEP and LPRINT, will also stop the clock. Note 
that the entire assembly listing is in a format suitable for direct input 
to Hisoft’s GENS assembler, which the author feels is the best 
assembler there is for the Spectrum. Using the same principles, ice, 
preserving all the registers during an interrupt, and ensuring that 
RST 38 is executed all the time, a whole host of interrupt driven 
routines can be used on the Spectrum. 
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6502 Interrupt Modes 


The 6502 processor has only one interrupt mode, and this is always 
vectored. There are however, three different kinds of interrupt: non- 
maskable (the Z80 also has this, and an NMI on the Z80 results in a 
jump to 0066), maskable (the same type as the ones discussed for the 
Z80), and the software interrupt invoked by the BRK assembly 
instruction. 

The 6502 processor is so designed that the three last words in the 
memory map (i.¢. FFFA, FFFC and FFFE) always contain the 
vectors for these three types of interrupt. Again, the design of the 
6502 is such that these are always in ROM, as, unlike the Z80, 
‘switching on’ a6502 system does not start the system executing from 
location 0000, 

With a 1.0 or higher operating system on the BBC Micro, one is 
perfectly able to ‘re-route’ these interrupts and thus create a highly 
useful system, or, through inadvertent indirection, a horrible mess. 


Calculated Vectors 


To seemingly go off the track for a while and leave practical examples 
until next month, it is still necessary to discuss calculated vectors on 
both processors. This will leave us in a position to fully understand 
the extension of Spectrum BASIC and various BBC utilities that will 
be demonstrated in part two, So meanwhile . . . 

Consider the machine code instruction that represents a jump to 
an absolute address: in Z80 this is JP XXXX and in 6502 JMP 
XXXX, where XX XX is the absolute address in both cases. There 
is obviously no vectoring here, but on both processors there is method 
by which one can cause a jump to an absolute address that may be 
calculated, thus increasing the power of vectoring by a large degree. 
On the Z80, the 16 bit registers HL, IX and IY can form an 
instruction of the type 

JP (regpair) 


where regpair is either HL,IX or IY. This instruction loads the 
program counter with the contents of regpair, which therefore causes 
‘a jump to that address. Thus, a very powerful routine can be 


Listing One — Digital Clock 
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T (M/1@) ; 
S242: POKE 652539, INT 
E 65236,S5-1@#PEEK 65239: 


237,¢@ 
36 RANDOMIZE USR 65211 


Assembly Listing 
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implemented where different addresses can be jumped to under 
differing conditions. For instance, examine the code below: 


Here, the contents of PARSWD are loaded into register A and then 
added to the base address of a table of routines, RTNTAB. This 
result is calculated in HL and thus the last instruction causes a jump 
to the relevant routine. A typical application for this sort of thing 
would be in text parsers, used in language compilers and interpreters, 
not to mention adventure games! The 6502 does not have this sort of, 
jump, so before discussing its particular vectored jump, below is a 
method that serves to simulate the Z80 implementation: 


Where Addlow and Addhigh are the low and high bytes of the 
calculated address and Lowadd/Highadd is the vector itself. 

As can be seen from the last instruction above, the 6502's 
vectored jump is somewhat different from the Z80’s in that rather 
than jumping to the contents of a register it jumps to the contents of 
two adjacent bytes. Again, simulation of this idea on the Z80 is very 
simple: 


So, by indirect routes (that phrase again!) one can very simply 
achieve the desired result on either processor, but it is the author's 
opinion that the Z80 offers far more powerful facilities. 
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Part 2 


HI-RES 
COMPUTER 
THE A/D BOARD 


Paul Izod and Alan Stirling continue their 


description of the A/D board of our 6809 based computer. 


The full circuit diagram of the HiRes 
Computer's A/D board was given in our 
October issue. This revealed that the design 
adopted a ‘hardware intensive’ approach to 
the task of A/D conversion in order to reduce 
the software overhead when using the system. 

In view of the large number of components 
featured in the project it is strongly 
recommended that the custom PCB designed 
for the assembly is used to construct the A/D 
system. 


Before Building 


For many applications, some of the analogue 
components won't be necessary. As an 
example, if only one channel is to be 
measured, then neither of the analogue multi- 
plexors will be required. If that channel is 
single ended, then the AD524 instrumenta- 
tion amplifier may be omitted too. The 
sample and hold circuit is only of value if the 
input signal might change by more than, say, 
4 LSB during conversion. 

If a component isn’t to be fitted then 
bypass it with a link from input to output. 
Each DAC has 2 octal registers used as input 
latches. If either DACO or DACI isn’t 
wanted then neither will the latches. 

There are a number of offset and gain 
adjustment trimpots on this board, and as 
their adjustment range (9% of FSR) exceeds 
the uncalibrated error of the 12 bit con- 
verters, it is better not to fit the trimpots and 
associated resistors unless a DVM is 
available to set them up. Ideally, the DVM 
should have at least 5 digits, resolve to 
100uV on the 10V range and be accurate to 
0.01% or better. Remember that the cali- 
brated accuracy will depend upon the DVM. 
In any case, to help with any faultfinding that 
may be necessary, don’t fit RI to R6 and R14 
to R29 until after initial testing, 


Links 


The board was designed for a processor clock 
frequency of 1 MHz. Qx of D29 is available 


Figure 1. Overlay of 
the A/D board. Note only the 
topside foil pattern is shown. 
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if the E clock is 2MHz. The track toQ, must 
be cut if Qg is used. (IC11). 

Decide whether to use the ADC80 or the 
ZN427, and wire the appropriate link, just 
below IC7. If your system uses address lines 
A16 and A17, cut the track from E to F and 
wire a link from F to A, B, C or D as required. 
(Beneath IC6). 


A link from L to either M or N will cause 
an interrupt when all channels have been 
converted. If no routine exists to clear the 
source of interrupt (by reading the board), 
then omit this link. L-M will cause IRQ; L-N 
for NMI. . 

- Lastly, it is necessary to wire links 
according to the-desired voltage ranges of the 
DACs and the ADC80. See Table 1. 
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Construction 


It is strongly recommended that good quality 
sockets be used for all of the analogue 
components (except LF398). If a 32 pin 
socket for the ADC80 proves difficult to 
find, then use 2 lengths of single-in-line 
socket strip. Whether or not sockets are used 
for the digital ICs is more a matter of 
personal preference. 

Having decided on the links required, fit 
these together with the passive components 
(not RI to R6 and R14 to R29), PCB 

- connector blocks and IC sockets. 

Last of all, add the ICs, Be sure that the 
analogue supplies are of the correct voltage 
and polarity before inserting the completed 
board and powering up. 
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ADCEO INPUT SCALING 


COB: COMPLEMENTARY OFFSET BINARY 
CSB: COMPLEMENTARY STRAIGHT BINARY 


Table 1. Wire link connections. 


Initial Testing 


Configure the board as Board I (links A to F 
and | out of 8 switch). 


Byte Output 

Use a voltmeter or logic probe to check that 
all bits of the ‘Byte Output’ register have 
been reset. Using the Monitor, write FF to 
location F205. Verify that all bits are set. 


Byte Input 

With a 74LS373 for IC37 and the clock 
input floating, location F200 should read 
FF. Ground each input in turn and read 
F200 to ensure that they go low. 


DACO 

These converters have complementary 
binary inputs. After a system reset, the 
outputs of DACO and DAC! will be at their 
most positive value. The actual voltage will 
depend upon the links connected; check that 
the voltage is correct. 

Write FF to F201 and F202. The output 
voltage should be the most negative. Use 
other binary values to exercise the converter 
more thoroughly. 


DACI 
As DACO but use locations F203 (MSByte) 
and F204 (LSByte). 


ADC80/ZN427 
Ensure that there is a continuous signal path 
from the input connector block to the A-D 
Converter. Connect channel | low input to 
ground and High input either to an external 
voltage source which is variable over the 
ADC input range or to the output of DACO 
or DACI. Set up the board to continuously 
scan channel 1, with internal trigger, by 
writing 40 to the configuration register F200. 
Trigger the board by writing to F207 (data 
unimportant). Channel 1 should now be 
continuously digitised. Read locations F280 
(ADC80 only) and F281 (both) to see the 
digitised data. Vary the input voltage and 
observe the value change (re-read F280 and 
F281 each time). The 4 MSBs of F280 will 
be 0 if IC8 is fitted and F if not 

The other channels may be checked 
similarly, 


Calibration 


It is suggested that if the Sample and Hold is 
fitted, then this should be adjusted first, to 
avoid affecting the A to D converter. 


LF398 
The offset should be adjusted with the input 


of the device grounded and whilst con- 
tinuously switching between sample and hold. 

Remove the AD524 from its socket and 
ground the input of the LF398. Set up the 
configuration register for repetitive conver- 
sion and trigger the board. 

Adjust R6 until the output of the LF398 is 
zero. Remove the short from the input and 
replace the AD524. 


AD524 

The input offset voltage of the ADS24J is 
250uV max(at25°C and+15V), and output 
offset voltage is |1mV max, so the null 
adjustments will probably not be required. 
Note however, if R2 and R4 and fitted, they 
will have to be set up. R2 will null the I/P 
offset and R4 the O/P. 


ADC80 

Set up the configuration register for repeated 
conversion of channel 1, and trigger the 
board. Connect channe! 1 to a variable 
voltage source of known voltage. This may 
take the form of a power supply, potential 
divider and 5 digit DVM. 

Set the analogue input voltage to —ve full 
scale + 1 LSB (—9.9951V for t10V), see 
Table 2. Adjust the offset trimpot R16 until 
the digital output is 1111 1111 1110(LSB). 
Next set the input voltage to the +ve full 
scale —2LSBs (9.9902V for +10V). Adjust 
the gain trimpot R21 for a digital output of 
0000 0000 0001 (LSB). 

Please note that the digital outputs are 
referred to the ADC80 itself. If 748189 
RAMs are fitted and the Monitor used to 
observe the outputs, the values shown must 
be inverted. E.g —ve full scale would be 
adjusted for 0000 0000 0001. 


ZN427 

The printed layout establishes the input 

range to be bipolar, the component values 

determine the voltage range. 

Set up the configuration register and 
trigger the board as for ADC80. 

1. Apply a voltage —(full scale— LSB) to 
the input and adjust the offset R7 until the 
LSB just flickers between 0 and 1 with all 
other bits 0. 

2. Now apply +(full scale- 14% LSBs) and 
adjust the gain trimpot R9 until the LSB 
flickers 0-1 with all other bits 1. Repeat 
step 1. 

Note that again, the logic levels are 
referred to the ZN427. The flicker on the 
LSB is really quite obvious, and may be seen 
using an oscilloscope or reading channel | in 
a program loop. 

For an input range of t10V 


Table 2. ADC 80 calibration table. - 


BINARY (BIN} 
VOLTAGE RANGE 
CODE 
SIGNIFICANT 

BIT ($8) 


TRANSITION VALUES 


*FULL SCALE 
-MiD SCALE 
-FULL SCALE 


MSB LsB 
000...000°+* 
OV... 911 
141...390 
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—(full scale + %LSB) = —9.961V 
+(full scale -1% LSB) = 9.883V 


These voltages may be generated using either 
DACO or DAVI set to an O/P range of 
+10V. 1111 1111 1011 (LSB) should give 
approx. —9.961V and 0000 0001 0111 
(LSB) should give approx. 9.883 V. 


DACS80 

Allow a warm-up period, after power on, of 
at least 30 seconds. Write all ones to the 
input registers. This should produce the most 
negative O/P voltage. Vary the offset 
adjustment (R23 for DACO and R27 for 
DACI) until this voltage is produced. See 
Table 3. Next write all zeros to the input 
registers. Adjust the gain trimpot (R25 for 
DACO and R29 for DAC1) for positive full 
scale voltage. 


oun yt iat 
‘10000000000 


wevenaaynyy 
ONE Lea 


0 TO “OV RANGE: DIVIDE 0 TO +10V RANGE VALUES BY 2 
1SW RANGE: DIVIDE 210V RANGE VALUES BY 2 
2 2.5V RANGE! DIVIDE s10V RANGE VALUES my 4 


Table 3. DAC 80 calibration details. 


Corrections And Additions 


Some minor errors appeared in the text and 
circuit diagram published last month. Also, 
the layout of the printed board has necessi- 
tated some changes. 

The letter y was frequently printed instead 
of st (micro) — definitely microseconds and 
not years! 

The circuitry around D1 (74LS139) 
should have been as Fig. 2, 

The Signal Reset is no longer buffered by 
D4 and D5 (74LS03) but by a spare element 
in D9. Similarly, address line A3 is now 
buffered by D9. These changes are shown in 
Fig. 3. 

Please note the new pin designations, 
caused by the printed layout. 

The interrupt function, generated by gating 
A= Bt! with Qp using D27, has been 
changed, The new circuit causes the interrupt 
to be latched until the board is read. The 
revised section of the circuit is shown in 
Fig. 4. 

A connection should have been shown 
from pin 11 of the Read Input Byte register 
(D51) to the connector block. This is the 
Clock input. DS1 may be either a 74LS373 
or a 74LS374. 

DACO and DAC] were meant to have 
been shown configured for an output voltage 
range of +10V but inadvertently, pins 15, 18 


INPUT VOLTAGE RANGE AND LSB VALUES 


coe COB 
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lov 
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Figure 5. 


Please note that in all figures the arrows shown on 
I/O lines signify a connection to the edge connector. 


Figure 3. 


Figure 6. 


7ALSO8 


and 19 were connected together and to R22. 
Only pins 15 and 19 should have been 
connected, R22 must be tied to the junction 
of pins 17 and 20. On the printed board, all of 
the output ranges can be selected. 


Both inputs of the ADS524 instrumentation 
amplifier must have a DC return path for 
their bias currents. Problems are unlikely to 
arise with single ended inputs which are 
ground referenced and DC coupled to the 


source, but provision has been made on the 
printed board to connect a resistor from each 
input to ground when measuring differential 
signals which aren’t .referenced to the 
analogue board ground. 

To protect the analogue multiplexors from 
inputs greater than the supply voltage, and to 
allow the inputs to remain connected when 
the system is switched off, diodes have been 
added in series with the power supply 
connections and 2k7 resistors placed before 
each input. 

There are 2 minor changes to avoid 
excessively long tracks as detailed in 
Fig. 6. 

To avoid the analogue ground sharing the 
digital ground on the backplane, new pins 
have been designated for the analogue power 
supply. 

+15V pin 70 

~—15V pin 71 

AOV pin 72. 


Please note carefully that these pins were 
used by the CPU board for quite different 
(and now redundant) purposes and the tracks 
to the edge connector on the CPU board must 
be cut. The existing +12V pins may be 
satisfactory for 8 bit performance. 

Finally, a fourth data RAM (D61) has 
been added to the circuit. This avoids bits 
D4-D7 being undefined when the most 
significant byte of the ADC80 is read. 
Previously they floated high, now they are 
read as zero. This will simplify the software 
when the board is accessed by a high level 
language not having bit manipulation 
facilities. D61 may be omitted. 


PARTS LIST 

Semiconductors 

IC1 74LS8138 (D3) 
Ic2 74 ALS244 (D9) 
Ic3 74LS682 (D2) 
IC4 74LS245 (D6) 
IC5 ZN427E-8 (D48) 
IC6 74LS139 (D1, D28) 
IC7 74LS08 (D46, D33, D34, D58) 
Ic8 748189* (D61) 
C9 74$189* (D38) 
IC10 ADC80** (D49) 
IC11 74LS163 A (D29) 
IC12 74LS04 (D8, D26, D45, D47, D59) 
1C13 74ALS138 (D20) 
1014 74LS189* (D39) 
IC15 74S189* (D40) 
IC16 74LS32 (D7, D15, D16, D18) 
IC17 74LS163 A (D13) 
1C18 74LS157 (D3) 
1C1i9 74LS273 (D10) 
IC20 DAC80** ({D54) 
1C21 74LS03 (D27, D61, D62) 
IC22 74LS885 (D11) 
1C23 74LS175 (D14) 
1C24 74LS273 (D52) 
1C25 LF398 (D42) 
1C26 74LS195 (D380) 
1C27 74LS10 (D12, D32, D36) 
1C28 74LS08 (D17, D19, D35, D60) 
IC29 74LS273 (D53) 
1C30 DAC80** (D57) 
IC31 74LS04/74LS14 (D25, D31) 
IC32 74ALS74 (D21, D22) 


1C33 74ALS74 (D23, D24) 
1034 74LS273 (D55) 
IC35 ADS524 (D41) 
1C36 SPARE 
1C37 74LS373/74LS374 (D51) 
1C38 74LS273 (D50) 
1C39 74LS273 (D568) 
1C40 & IC41 DG508 (D43 & D44) 


* 74LS189 is preferable but not easy to 
find. Both have inverted outputs. Use the 
74L8289 for non-inverted outputs (for 
ZN427). 


** For ADC80: ADC80 AGZ-12, 
ADC80AG-12, 
AD ADC80Z-12, or 
AD ADC80-12 

For DAC80: DAC80-CBI-V, 

AD DAC80-CBI-V, 
DAC1280, DAC1280A, 
DAC800-CBI-V or 
DAC800P-CBI-V 


The suffix Z models of ADC80 are wide 
supply range and must be used for +12V 
operation. 

Resistors {all 0.4W metal film unless 
otherwise marked) 


R1, 3 : 10k 
R2, 4, 16, 21, 23, 25, 27, 29 10k 

cermet trimpot 
R5 24k 
R6 1K cermet trimpot 
R7 10K cermet trimpot (5 K)* 
R8 27K (13K)* 
RQ 5k cermet trimpot 


R10 8k2 (13k)* 
R11 8k2 (7k5)* 
R12 390R 
R13 180k (12V supplies) 

220k (15V supplies) 
R14, 15 180k 
R17 22k (28k if ADC80Z) 
R18, 20 270k 
R19 6k8 (9k1 if ADC80Z) 
R22, 26 3Mg9 carbon 
R24, 28 10M carbon 
R30, 31 10k 
R32, 33 2k7 x8 DLL. 


* Use values in brackets for input range of 
+5V on ZN427. 


Capacitors 
C1 1500p polyester, teflon or 
polypropylene (Chold) 

C2, 3, 4, 8-14 1pF 35V tantalum 
C5-7 10n monolithic ceramic 
C15 47 uF 25V solid aluminium 
C16, 17 10u 25V solid aluminium 
. Semiconductors 

D1 IN4148 
D2 IN4148 
Sockets 

14 pinx 9 

16 pin x 16 

18 pinx 1 

20 pin x 10 

24 pinx 2 


32 pin x 1 (may be made using S.1.L. 
socket strip) 

Single pole 8 way D.I.L. switch 

12 way PCB connector blocks x 3 
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* £10 Star Letter 


Sir, 

The Sinclair Spectrum needs a TRACE 
command to print program line numbers, 
variables, etc., as each one is executed by 
the computer, a useful aid to debugging. 

My method makes use of the printer, as 
I find that printing TRACE information on 
the screen leads to confusion. By setting a 
‘switch’ at the start of the program you 
can turn the TRACE on or off. 

Here is the system applied to the 
program printed on page 38 of the 
Spectrum manual. 
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Yours, 
L. V. Philips 
Leicester 


More Spectrum Hints 


Sir, 

Thank you for the Spectrum Interface 
project in May 1983 issue of E&CM. 
There was a machine code program given 
for LList and LPrint: it did not cover the 
COPY command. 

I have just purchased ‘Masterfile’ — a 
filing program that uses COPY rather than 
LPRINT when producing printer output; 
and I have therefore, written a short 
BASIC subroutine to emulate COPY on 
the Spectrum. It occurred to me that other 
readers might be interested in using it not 
least because the Spectrum manual fails to 
cover the use of SCREENS properly; and 
this is essential to such a program. I 
enclose a listing of the routine, and can 
supply a copy on tape if required. 

BOO KEM COPYRIGHT S.SPRINGETT 1963 

ROO4 FEM EACH LINE 

F00S FOF Let TM 21 

BOIO0 FEM CHECK LENGTH OF PRINTING FEGUI FED 
BOIS FOR Cx#31 70 0 STEP -1 


AoP0 IF SCKEENE (L,C) <> " 
A030 NEXT © 


THEN GO TO 8040 


A035 FEM PFINT THE LINE 

Bao FOF Wed IP C 

aNSO NUT 65407, CODE SCREENET (LsN? 
8060 NEXT N 

Anes Fee LINE FEED AND CARRIAGE RETURN 
8070 CUT 65407.14 

BORO HUT 65407. 10 

Afon NEST L 

S100 KETURN 


Yours faithfully, 
S. P. Springett, 
129 Guildfords, 
Old Harlow, 
Essex. 


Send your programming or construction hints, 
comments, queries, or complaints! to The Editor, 
E&CM, Scriptor Court, 155 Farringdon Road, 


London EC1R 3AD. £10 is paid for the star letter 


of the month. 


16 into 48 won’t go? 


Sir, 

I am a 16K ZX Spectrum owner and I 
have attempted to upgrade it to 48K. I 
have however come across a snag, andI . 
would appreciate your help. I can POKE 
and PEEK to the extra memory but when 
I use the addresses on the system 
variables I find that they do not respond in 
the correct way. For example when I type: 


PRINT PEEK 23732 + 256* 
PEEK 23733 


I get a result of 32789; this neither 
corresponds to the old 16K value nor to 
the expected 48K value. I have replaced 
all the integrated circuits that came with 
the memories, i.e. KC23-26, but there is no 
change. Could you possibly tell me what is 
wrong, 

B. Prajzner 

Ashton-under-Lyne, Lancs. 


P.S. I am a regular reader and in my view 
the contents each month are balanced and 
superb, 


This is very odd and is causing us a good 
deal of brainache! You say that you are 
able to POKE and PEEK to the extra 
32K of RAM but the all important 
question here is are the values PEEKed 
the same as the values POKEd there in 
the first place? If there is any 
inconsistency with the values then the new 
RAM must be at fault - either you have 
inserted the IC’s incorrectly or something 
a little more fundamental is wrong. We 
suggest that you thoroughly check this as 
it seems the most likely cause, 

The value returned from the P- RAMT 
system variable is very strange indeed. A 
close look at the ROM routines that set 
the value of this variable shows that it is 
formed from the RAM check initiated at 
switch-on. Thus, as the ROM cannot be 
at fault, this again points to faulty RAM 
chips or incorrect insertion. 

If I were you I'd examine the Spectrum 
circuit diagram very closely to ensure that 
you are not doing something wrong. If 
you still cannot solve the problem, I 
suggest that you contact Sinclair. 


Those Spectrum Vectors 


Sir, 

Your reader John de Rivaz (letters, 
August ’83) is perfectly correct to 
complain that my article on the Spectrum 
printer interface stated, erroneously, that 
the Spectrum had no printer driver vector, 
but he would be better advised to make his 
complaint to the writers of the Sinclair 
handbook. 

I wrote my machine code routine 
around Christmas of 1982 and, after 
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tidying it up for publication, it passed out 
of my hands in February of 1983. Think 
on those dates. Al/ the Spectrum 
handbook says is that an area of RAM is 
designated “Channel information’, and 
that this area follows the Microdrive maps. 
The key to the Channels was not unlocked 
until Dr Ian Logan published the 
disassembly of the Sinclair ROM, which 
was not as early as February 1983. The 
vector in question is at 5CC5H (though 
that address will change when the 
microdrives are in use) and it is loaded 
with 09F4H at switch-on time. The 
address of a different printer routine would 
be placed there, most significant byte first. 

I don’t mind John de Rivaz getting some 
free publicity at my expense for his £1 
BASIC listing which, I am sure, does 
exactly what he says it does, but if he 
really wants to be useful then he can look 
at the machine code listing on page 78 of 
July E& CM. There he will find, from 
6FOOH-6FBSH and 7116H-7132H, all 
the code he needs to dump the entire 
Spectrum screen to his EPSON 80 printer 
so he will be able to see his user-graphics 
as they really are, and not as mere 
numbers. He might like to incorporate 
something like it into his own BASIC 
routine. 

I hope he finds the code up to standard. 

Richard Sargent 
Wantage, Oxon. 


6805 Cross Assembler 


Sir, 

I'm really enjoying E&CM lately, but 
your recent articles on the 6805 really 
struck a chord. This chip intrigues and 
fascinates me: I got hold of Motorola’s 
‘Design Five’ evaluation kit, but quickly 
discovered the kit was not much use 
without programming the assembler 
facilities. You can buy a Motorola 
EXORset system for £10,000 and 
software etc. — a little bit over the top for 
most people. 

So, can I encourage you, please do 
write your cross assembler, then the 6805 
becomes a cheap viable microprocessor 
system. 

On the offchance, do you know where I 
can get hold of a 6805 cross assembler 
now, in BASIC or 6502 or 6800, 8080 or 


‘Z80 code? 


Great mag. Cheers. 
Eric Demmon 
Walkern, Herts. 


On the off chance, we do indeed know 
where you can get hold of a 6805 cross 
assembler, It will be appearing in E&CM | 
early in the new year. Good luck with the 
6805 system, and thanks for the 
compliment! 
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Courtesy National Semiconductor 


DIGITAL 
SPEECH 
SYSTEMS 


Ian Campbell concludes his examination 
of Speech Synthesis systems with a look 
at National’s Digitalker and the 
techniques of Linear Predictive Coding. 


Last month's article described the Allophone approach to speech 
synthesis adopted by General Instruments. Another approach is the 
one which has been adopted by National Semiconductor. In essence 
here there is no automatic breaking down of speech into its basic 
elements. What does happen is a sampling of an original speech 
waveform followed by digitisation, compression, adaptive delta 
modulation and then adjustment of the phase information in the 
digitised speech. By using this method phonemes, phoneme groups, 
words and even whole phrases can be recorded, placed in ROM and 
subsequently synthesised back into speech by a processor chip as 
required, 


Let us now look at the whole process in a little detail. Firstly ahigh 


fidelity tape recording will be made by a prospective customer. This 
recording will be analysed by a rather complex computer program 
back at National Semiconductor. The really smart bit comes during 
the compression procedure which is applied to the voiced sounds after 
the voiced and unvoiced sounds are separated. It is a very important 
technique because it reduces the amount of memory space required to 
record the speech data. This is done by removing the excess or 
redundant data from the speech signal. There are four main 
procedures applied to bring that about, namely:- 

1. Elimination of redundant pitch periods. 

2. Adaptive delta modulation coding to minimise bandwidth and 

memory requirements. 
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3. Phase angle adjustments to create mirror image symmetry. 
4. Replacing the low level portion of a pitch period with silence, 


Figure 5 gives an illustration of what happens to the waveform of 
atypical voiced pitch period during its conversion. Part( a) shows the 
original waveform. Part(b) is the appearance after the phase delay is 
adjusted to create a symmetrical waveform about the centre of the 
pitch period. Next the low level beginning and ending quarters of the 
waveform are replaced with silence and last but not least, delta 
modulation is applied, and the final result is as in part(c). The result 
of all this is a compression factor of 4 to 1 on the original voice data, 


As far as unvoiced sounds are concerned the situation is 
somewhat different. The reason for this is that unlike voiced sounds 
which are so speaker dependent and therefore rather variable, the 
unvoiced sounds have very few speaker defined characteristics, Asa 
direct result of this just a small set of them can be used and compared 
with the speaker's. 


Figure 6 shows a block diagram of NSC’s MM54104 which is the 
SPC (Speech Processing Chip) that forms the basis of their 
‘Digitalker (a minimum configuration for a Digitalker system will be 
seen in Fig 7). 


Let's see now how the MM54104 deals with a little bit of speech 
synthesising. To get everything going the WR pin must go high, then 
the eight bit start address code will be loaded into the control word 
address register. The SPC will use this control address to fetch from 
ROM the control word for the first block of speech data. This very 
important word contains waveform information, repeat information 
and the address of the speech data. This address is loaded into the 
phoneme address register and is used to fetch the speech data that will 
be used to recreate the speech waveform, That is not all, because 
before synthesis can take place, the waveform data has to be decoded 
to provide information on such things as male or female speech, 
voiced or unvoiced sound and half period zeroed or not. 

Of course all this movement of data must occur at the right time 
otherwise there would be an unholy mess up at the loudspeaker. This 
implies a system clock must lurk somewhere. It is in fact derived from 
a programmable frequency generator. Note that it is therefore a 
programmable clock! The control word allows for variations in the 
frequency of the clock which in turn allows the SPC to add a rising 
and falling in pitch to speech sounds and syllables. 

This is the way the synthesiser makes the speech more realistic, In 
fact just as the frequency of the clock is determined by a control word 
at the beginning of the speech block so is the gain of the programmable 
gain amplifier. This further enhances the realism of the final speech 
pattern. 

At the end of a waveform or speech block the SPC may repeat the 
sequence, Usually 3 to 4 times for voiced sounds and about 7 or 8 
times for unvoiced ones. Having made the correct number of repeats 
the SPC moves on to the next speech block sequence. This operation 
continues until the SPC has carried out all the control words 
associated with the original start address code. 

As far as the recreation of the waveform in Fig 5(a) is concerned, 
the SPC would deal with it as follows. It would start with a period of 
silence (in this case no speech data is required). Next there will be a 
quarter period of adaptive delta modulation generated speech, then 
the same speech data fetched in reverse and last of all a quarter period 
of silence. Now believe it or not the sound produced is the same as the 
original speech. This is of course only true as long as there is a stage of 
filtering after the MM54104. The reason is because of the coding 
method used for the speech data which introduces a high frequency 
pre-emphasis. It is necessary to have a low pass filter with a cut off 
frequency of approximately 200Hz and attenuation characteristic of 
20dB per decade. The cut off point may be varied according to the 
nature of the voice being synthesised eg 100Hz for a man’s, but 
maybe 300Hz for women’s and children’s. Fig 8 shows the minimum 
low pass filter plus amplifier used with the chip, In some applications 
there will be a requirement for an additional filter to limit frequencies 
above 3kHz. Fig 9 shows a complete filtering network which will 
produce the ideal frequency response for the system. 

Nothing has been mentioned so far about the data rate. It is in fact 
on average 1000 bits/sec for a male voice and little more for females 
and children. Even though this is rather higher than that of the 
allophone synthesiser, it is still commendably low. It has been 
achieved by the compression techniques used in the speech analysis 
program, particularly the periods of silence where no data is required 
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and the repeating, in reverse, of sequences of speech waveforms. 
The “Digitalker” system is capable of producing very good 
speech realism indeed, particularly so if whole phrases are 
‘synthesised. This realism allows the sex of the individual as well as 
regional accents to be recognised. The only real drawback, which 
may not bother many users, is the limitation on size of vocabulary. 


Predictable Speech 


Yet another system of speech synthesis which has been adopted by . 


companies like AMI, Hitachi and Texas Instruments is that of Linear 
Predictive Coding (LPC). So what is this LPC one might ask. The 
story starts back at the human voice tract again. During the act of 
speaking the spectral characteristics of the vocal chambers change 
with time, The change is, because of things like speed of muscle 
movement, not particularly fast. Knowledge of this and of human 
perception of speech, allows a model of the vocal tract to be 
constructed that only requires to be supplied with speech parameter 
data every 20-25 milliseconds. The data obtained when a speech 
waveform is sampled at a certain time interval called the Nyquist 
interval, bears a strong correlation to the data obtained in adjacent 
intervals. To elaborate, it is possible to predict the speech parameter 
data for a coming speech sample from a weighted linear combination 
of the data from preceeding speech samples, hence the term Linear 
Predictive Coding. 

The model of the voeal tract is usually visualised as a series of 10 
equal length sections of tube, each with a different diameter as in 
Fig 10. Every one of the sections has a particular filter co-efficient 
assigned to it, At the points where the cylinders connect reflections 
occur, These reflections, caused by impedence mismatching, 
contribute to the production of resonance. In each of the sections of 
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Figure 5. An illustration of what happens to the waveform ofa typical 
voiced pitch period during its conversion. 
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Figure 6. Block diagram of National's SPC (Speech Processing 
Chip) that forms the heart of their Digitalker system. 
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Figure 7. This diagram shows how few components are necessary to 
realise a minimum configuration Digitalker system. 


Figure8. The output from the SPC chip must be low pass filtered by a 
straightforward circuit based on very few components, 


Figure 9(a). This circuit shows a more sophisticated filter which will 
produce the ideal frequency for the Digitalker system. This augments 
the basic high pass circuit by providing additional filtering to limit 
frequencies above 3kHz. 
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Figure 9(b). A plot of frequency vs relative gain for the circuit of 
Fig. 9(a). 
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the tube the fraction of the progressive waves determined by the 
reflection co-efficient ‘k’ for that particular section, is added to the 
regressive waves and vice versa. In an LPC synthesiser the 
calculation is carried out by a 10-stage digital filter which has ‘k 
parameter data fed to it. In addition, it must be remembered that the 
shape of the human vocal tract changes slowly with time and this too 
is modelled into the digital filter where the ‘k’ reflection co-efficients 
will also alter with a certain time period so that the filter continues to 
faithfully emulate the changes in the vocal tract. In addition to the‘k’ 
parameters, the filter needs to be fed with data concerning the pitch of 
the voice and its loudness. The time period at which all this is done is 
called a data frame and as previously said it needs updating at 20-25 
millisecond intervals (Hitachi do it very 10 or 20ms). 

Each data frame may contain up to approximately 49 bits which 
means an average data rate of upwards of 2400 bits/sec. In practice 
this is reduced down to an average of 1200 bits/sec by the following 
factors:- 

1. When the speech data for successive frames is very similar it 
can be repeated without change. It is often possible to do this 
because of the slowly changing changing shape of the vocal 
tract. 

2. Unvoiced sounds require fewer reflection co-efficients, 

3. When there are pauses in the speech no co-efficients are 
required. ; 

In terms of memory size this data rate means that 20 secs of 
speech or 24,000 bits can be available in one IC. When whole 
phrases and sentences are analysed before recording into memory for 
subsequent synthesis the LPC system preserves, to alarge degree, the 
natural inflections and intonations in the speech. This is good news 
for those situations that demand high quality renditions. 

It is now time to have a look in detail at a Texas Instruments Voice 
Synthesis Processor (VSP). This is the TMS 5220 P-channel MOS 
chip. It has a number of interesting features which make it easy to use. 
Firstly, virtually all the I/O and processing operations necessary for 
speech production are handled by the VSP itself. This means that it 
looks to the controlling CPU like a simple periferal and so speech 
capability can be added to an existing microprocessing system 
without worrying about overloading it. Having said that it is probably 
a good time to fasten your safety belts for a look at the internal 
workings of the chip to see how it is all done. 

‘Figure 11 shows a block diagram of the VSP. As can be seen, 
there are a number of sections the workings of which will obviously 
need a little explaining. The best place to start is probably the timing 
section around which all the action takes place. In this section there is 
a640kHz RC oscillator that has its output divided by 4 to produce 
two major phases called PH-1 and PH-2, with corresponding 
precharge clocks PH-3 and PH-4 ( Fig 12 explains the relationships 
between all these). All the contro] and timing operations of the chip 
occur on one of the 6.25 microsecond major .phases. One 6.25 
microsecond is a bit time and there are 20 bits per sample period (ie 
an 8kHz sample rate), Twenty-five sample periods make up a 3.125 
millisecond interpoplation interval and 8 of these go to make the 25 
millisecond frame period. It is during the first of these interpolation 
periods that new speech data is transferred to the synthesiser. Now on 
to the CPU interface. 

It consists of an 8-bit bidirectional data bus (DO-D7), read and 
write lines (RS and WS), a ready line (READY) for keeping things 
synchronised and an interrupt line (INT) to call the CPU's attention 
ifit is required to do something like providing new data. In addition to 
receiving speech data from the CPU the VSP has access to as many 
as 16 Texas Instruments TMS 6100s (128k-bit serial ROMS). 
Communication takes place between the VSP and the 6100s by 
means of a 4-bit parallel data bus (ADD1,2,4,8), two control lines 
(MO,M1) and the clock (ROMCLOCK). 

The COMMAND register holds command data it receives from 
the Memory Bus for the controller to interpret and execute. This 
allows the VSP to behave as an attached processor to the host CPU 
and to carry out its synthesising all by itself when appropriate 
commands are sent by the host CPU. 

The FIFO Buffer is used to hold speech data coming in from the 
CPU prior to its being used for synthesis, in addition, the buffer 
signals to the CPU as it empties that more speech data is required. 

The STATUS register holds data that informs the CPU of the 
current state of the VSP while the DATA register is used to formulate 
a byte of.data from the serial data entering from the Voice Synthesis 
Memory (VSM). 
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Figure 10. The vocal tract may be visualised as a series of 10 equal 
length sections of tube each of different diameter. 
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Figure 11. Block diagram of the TI Voice Synthesis Processor (VSP). 
This device is straightforward to use by virtue of the fact that most of 
the I/O and processing operation necessary for speech production 
are handled by the VSP itself. ; 
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Figure 12. The relationships between the clocks derived from the 
640kHz RC oscillator of the VSP. 
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Figure 13. A simplified block diagram of the Speech Synthesiser 
indicating the way in which LPC data is reconstituted into speech. 
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A simplified block diagram of the Speech Synthesiser section is 
shown in Fig 13 and we are now to look at how LPC data is changed 
into speech, 

The PARAMETER INPUT REGISTER receives data either 
from the memory ICs or from the host CPU via the FIFO buffer. This 
data is then unpacked as it were and tested to make sure it is all right. 
After this the coded parameter data is stored in the CODED 
PARAMETER RAM from which it will be used to obtain the 
appropriate parameter value from the PARAMETER LOOK-UP 
ROM. This data is then used by the processing logic of the 
PARAMETER INTERPOLATOR as the target to reach for the 
new frame from the data it had in the previous frame period and in 
order to facilitate this action there is a 50-bit RAM available for 
storing the data. It is in between the frame periods that the logic 
updates the model of the vocal tract with new filter, pitch and energy 
parameters eight times or every 3 milliseconds approximately. Thus 
the new pitch and energy parameters are sent to the SIGNAL 
GENERATOR that excites the digital filter and the new ‘k’ values 
are passed to the 14-bit LPC LATTICE NETWORK. This means 
that at the end of each sample period the 8-bit D/A CONVERTOR is 
presented with a new set of data to change into speech. It is because of 
this update that a smoothly varying audio output is finally obtained. 

The lattice filter output is sampled every 125 milliseconds and of 
the ten MSB the seven low-order bits and the MSB (sign bit) are 
passed to the D/A convertor for changing into speech while the other 
two bits are logically added to the sign bit and used to put the driver 
either fully on or fully off. The audio output of the D/A convertor is 
current sourced and designed to interface directly with an 
SN76489AN audio amplifier. 


The Last Word 


These articles have shown that there are a wide variety of approaches 
to the problem of electronic speech generation and that the various 
systems all involve trade offs between various parameters such as 
memory overhead and speech quality. With memory becoming 
cheaper and denser with each year the likelihood is that within a 


BBC MICRO CONSOLES 


Not just a monitor/tv stand but an 

expansion console which gives your micro 
the professional look. Protects and encloses 
your micro with room for disc drives and 
2nd, processor or teletext adapter etc., all 
untidy connecting wires safely out of sight 
within the console. Made of light yet strong 
aluminium with a textured finish in 
matching BBC colour. Coming soon a bolt 
on extra module to the console for further 
expansion options. YES this console will 
grow with your needs, Basic BBC console 
as shown £39.99 + £4 carriage MAIL 
ORDER ONLY. Viewing by appointment only. 


Please add 15% VAT. 


For further information 
or send cheque to: 


Silent___. 
COMPUTERS 


* The console will 
house the 
Torch Disc Pack 


Matching Printer Stand, can 

double for VDU Stand over the 

micro — only £14.99 + £2 carriage 

274 WYCOMBE ROAD, LONDON N17 SXN., 
TEL: 01-801 3014 {24 Hr Ansaphone} 


M & J SOFTWARE 
DRAGON fig-FORTH . . £12 


A cassette based implementation of FORTH which includes a “powerful ‘teu editor and a “6809 
macroassembler. All the power of Basic is retained by being able to access Basic commands fram FORTH. Do 
not be logled by the low prce of this package — it represents unbeatable value for money and comes 
complete with extensive documentation 

tig FORTH ASSEMBLY SOURCE LISTINGS . 

Avarable for the following proces3ars:- 

6502, 780, 6809, 8080, 1802, 9900, 6800, 6BO00, 8086/88, & PDPI1 
MVP-FORTH ASSEMBLY LISTINGS ... . 

Avaradle for 6502, 8086/88 & BOBO processors. 

These listings provide the source for an implementation of FORTH up to 79 standard. 
fig FORTH INSTALLATION MANUAL ..._. 

A complete ‘how to do at guide to the implementation of FORTH from the abave listenge. “This manual 
eontarns the FORTH source written in FORTH. an editor, an @xtensiva glossary and lots mare. 

ALL ABOUT FORTH by Haydon . £7.95 
An excellent reference back with cross raterences to fig: FORTH, the FORTH-79 standard and Starting 
FORTH, This book should be next to every FORTH programmer's computer. 

6809 & 6502 MACROASSEMBLEARS - £5 each 
Written in fig PORTH, these bstings require the minimum of alteration for any fig irri aarti fon: Copies on 
tape can be supped for Dragon and Microlan users at £1 extra. 

DAAGON COMPANION . ' £4.96 
A uselul source of information on the workings ol the DRAGON. Includes a full 8909 disassembler 


Cheques & PO's to- 


M & J SOFTWARE 34 Grays Close, Scholar Green, Stoke-On-Trent, ST7 3LU 
Telephone: (0782) 517876 ECM12 
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Two commercial systems that have adopted GI's allophone based system — 
William Stuart Systems synthesiser and the new speech from Currah. 


couple of years capable of generating human quality speech from a 
large vocabulary base will be commonplace. 

Added to the developments taking place in the complementary 
area of speech recognition, it will not be long before one can hold a 
conversation with a computer. The challenge then will be to the 
software producers to come up with programs that will be able to cope 
with the vagaries of human grammer. 
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BBC MICRO and DRAGON 32 
NOW AVAILABLE 
“CLASSIC GAMES” — BBC Micro “MASTER CHESS" — Dragon 32 


These superbly produced programs are, we believe, the first chess magazines on tape currently 
available in the U.K, Issue 1, November 1983, includes the following: 
BRONSTEIN - ROJAHN; Moscow Olympied 1966 — Two Knights’ Defence 
TAL - VAN DER WIEL Wijk-Aar-Zee 1982 — English Opening 
ISKOV - LEIN; New York 1981 — Caro Kann Defence 
OPOCHENSKY - IVKOV; Rogaska Slatina 1948 — Queen's Gambit 


Supplied on top quality “Agfa” tape — Detailed eudio commentary included. 


Coming Next Month:- 
KOTKOV - SPASSKY; Sochi 1965 — Auy Lopez 
RICHTER - KRETSCHMAR: Berlin 1925 — Veresov System 
STAHLBERG - OJANEN; Trencianske Teplice 1949 — Queen's Indian Defence 
KARPOV - KORCHNOI!:; Leningrad 1974 — Sicilian Defence 


We also supply hardware interfaces for Dragon 32 and a range of specialist educational software for 
BBC Micro/ Dragon 32. 
Send Jarge s.a.8. for catalogue 


“CLASSIC GAMES” for BBC Micro£8 + VAT "MASTER CHESS" for Dragon 32 £8 + VAT 
Please include £1 p&p Cheques/P.O. payable to Prefectronics Ltd. 
Send to: 


PRELECTRONICS LIMITED 
Albro Castle, St. Dogmael's, Cardigan, Dyfed, Wales 


80 Column Conversion 
for PET/CBM 


Suitable for small screen 
PET with Basic 4.0 
Plug in PCB, no track cutting 
Gives all the features of an 8032. 
Also suitable for ‘fat’ forty. 


for further details contact: 


ei Delph Electronics Ltd. 


4 Deeping Road, Baston, Peterborough. PE6 9NP. 


Tel: 077 86 535 ECM12 
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SINGLE CHIP 
MICROCONTROLLER 


Richard Whitlock completes his description of Motorola’s 68705P3 self 
programming microcontroller. 


In the past two issues of E& CM some of the 
features of the 68705 P3 have been discussed 
along with details of a self programming 
board designed for use with the device. This 
month we round off the description of the 
MCU itself before moving on to a look at a 
cross assembler for the MCU in our January 
issue. 


Ports A, B& C 


Ports A, B and C are programmable, under 
software control, to be either inputs or 
outputs on a line by line basis, The signal 
direction is controlled by the logic value of 
the corresponding bit of the port’s associated 
Data Direction Register (DDR). A port line 
is an input if the corresponding DDR bit is a 
logic “0” and an output if the DDR bit is a 
logic “‘1"’. On Reset all bits of all DDRs are 
cleared, putting all port lines into the input 
mode. However the port output data registers 
are not initialised to any known state and so 
should be loaded with good data before the 
DDRs are configured to allow output on any 
lines. 

All DDRs are write only registers and read 
as all “Is” regardless of the logic levels last 
written into them. This prohibits the use of 
any read/modify/ write type of instruction to 
manipulate their contents. Simple byte store 
instructions should be used to configure 
them. 

When lines are configured as outputs the 
bits read from their port address reflect the 
data stored in the data output register not the 
actual voltage levels on the external port 
pins, which are prey to the effects of circuit 
loading. 

No special control lines exist alongside the 
data lines, there is no input data latching and 
no “hardware hand-shake” circuitry is 
provided. All lines of all three ports are TTL 
compatible as both inputs and outputs. 

Address and special characteristics details 
for each port are given in Table 1 (below). 


Interrupts 


All three 68705 variants have provision for 
three sources of interrupts. The two 40-pin 
versions also have a fourth possible interrupt 
channel, which is to be discussed in a later 
issue of E&CM. The three common to all 
68705s are as follows: THE EXTERNAL 
INTERRUPT INPUT - (INT) -— This input 
incorporates Schmitt trigger circuitry 
allowing it to register both fast edged digital 
signals and slow sinusoidal signals’ zero- 
crossings, In either case it is the negative 
going transition that triggers the interrupt 
The maximum frequency of a signal that will 
be recognised by the internal logic connected 
to the INT pin is exactly the same as that vien 
above for the TIMER input, though of course 
this limit takes no account of the time 
required to service the series of interrupt 
requests generated. 

Figure 1 shows the recommended input 
circuits for both digital and sinusoidal 
signals. The ability to interface to a low 
voltage AC signal (eg from the logic power 
supply transformer) has important applica- 
tions in machine control, where switching of 
heavy inductive loads can be synchronised 
with the mains waveform to minimise RFI 
emissions and contact erosion. 

- The external interrupt channel via the INT 
pin can only be masked by setting the main 
interrupt mask bit, I, inthe CCR. Thus, when 
this source of interrupts is disabled, all 
hardware interrupts are disabled. Masked 
interrupt requests are latched until such time 
as the I-bit is cleared, when they take effect. 
If two or more interrupts from the same 
source occur during the time that the L-bit is 
set, only the last will be recognised. 

When the I-bit is set the processor can still 
sense the signal level on the INT pin and take 
appropriate action by means of two special 
conditional branch instructions, which 
reference the logic level of the INT pin 
Schmitt trigger output, rather than that of a 
CCR bit. 


PORT A — Data Register address: OOOH. DDR address: 004H. 
An 8-bit wide port on all 68705 variants. 
CMOS compatible as OUTPUTS only (due to the presence of 


resistive pul-up elements). 


Data Register address: 001H. DDR address: 005H. 

An 8-bit wide port on all 68705 variants. 

CMOS compatible as INPUTS only. 

As outputs these lines may each sink 10mA at a low enough drain 
voltage to drive LEDs powered from the 5V line via a current limiting 
resistor and source 1mA at about 1.5 V to drive Darlington transistor 


switches. 


Data Register address: 002H. DDR address: 006H. 

An8-bit wide port on the 68705 U3 and68705 R3, but only a4-bit wide 
port on the 68705 P3, where the unimplemented bits read as all “1s”. 
CMOS compatible as INPUTS only. 
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Part 3 


THE TIMER INTERRUPT - As noted 
above in the Timer section, the Timer will, if 
its local interrupt mask bit / TIM in the TCR) 
is clear, pass an interrupt request to the 
processor when the main counter decrements 
through zero. This interrupt request will only 
be recognised if the I-bit is clear. 

THE SOFTWARE INTERRUPT 
INSTRUCTION - (SWI) - This form of 
interrupt is not maskable and is always 
executed when encountered in a program, 
just like any other instruction, It is often used 
as a break-point during program develop- 
ment, allowing a particular, externally 
observable, operation to be called for 
execution to mark the fact that the processor 
has arrived at a particular place in the main 
program, an event that would be hard to 
detect in a one-chip system otherwise, since 
the user has no access to the system’s bus 
lines to detect address line levels etc. 

When an unmasked interrupt request 
reaches the processor, the execution of the 
current instruction is completed before any 
other action is taken. When the PC has been 
incremented to point to the next opcode, 
main program operations are suspended and 
the processor spends the next 11 cycles 
stacking its internal registers, setting the I-bit 
in the CC register, to mask further interrupt 
requests, and fetching the appropriate 
interrupt service routine vector from the top 
of memory space. The service routine vector 
storage locations for the various types of 
interrupt are given in Table 2. 

When handling multiple sources of 
interrupt in an application program, it must 
be remembered that if another, higher 
priority, interrupt is to be allowed to interrupt 
the service of the first occuring interrupt, the 
I-bit must be cleared at the beginning of the 
service routine or the second interrupt will 
not be recognised until the old processor CC 
register contents are restored at the return to 
the main program. 

The priorities of the various sources of 
interrupts are given in Table 2. If the I-bit is 
clear, the external interrupt, via the INT pin, 
has the highest priority, followed by the 
Timer interrupt, and either of these will 
divert the processor from fetching the next 
instruction in the main program even if itis an 
SWI. If the [-bit is set, only the SWI 
instruction is capable of interrupting the 
processor, it thus has the default priority of 2, 
priority 1 always being held by the Reset 
signal. 


The Master Oscillator 


The internal master oscillator circuitry is 
designed to offer great flexibility while 
requiring the minimum of external com- 
ponents. As noted in the MOR section last 
month, two groups of external frequency 
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control circuits are allowed, selection 
between these being made by programming 
MOR bit 7 (CLK) to be either logic “1” or 
logic “0”. 

If the CLK bit is logic “1”, two low cost 
external circuits are available (see Fig 2¢ 
and d), using just a wire or PCB link ora pull- 
up resistor. A resistor selection plot is 
reproduced in Fig 3 for use with the circuit in 
Fig 2d). 

If the CLK bit is logic “0”, either an 
external crystal or an externally generated 


(See Nolet CO 
q 


MC6B05P6 
MCU 
ICrystal Mask 
Option! 


EXTAL 


Crystal 


MC6B06P6 
mMcu 
(Crystal Mask 
‘Opnont 


External — 
Cicack 
Input 


4 J EXTAL 


External Clack 


Figure 2. Clock generator options. 


Oscittator Frequency (\fHzb 


0 Pi) a0 40 50 Lia) 70 BO 
Resistance 1kt) 


Figure 3. Resistor selection plot for the 
circuit of 2d. 


TTL level clock signal may be used (see 
Fig 2a & b). In the external crystal circuit the 
. recommended load capacitance (Cy) is 27p 
for a 4MHz crystal, a value that appears to 
work well with a 3.58MHz colour — burst 
crystal, However if a much lower crystal 
controlled frequency is required, a second 
load capacitance (C,:) will also be required 
for stable operation, 


Stray capacitance due to circuit board 
layout can be a problem delaying the 
establishment of stable oscillation on power- 
up. If the problem is not too severe it can be 
rectified by increasing the value of the delay 
capacitor connected to the RESET pin. The 
author has increased this to 2u from the lu 
recommended in the device data sheets 
without apparent illeffects, clearing up 
oscillator start-up problems in the process. If 
this remedy does not work there is no option 
left but to redesign the PCB. Two recom- 
mended layouts for the crystal and load 
capacitors are given in Fig. 4. 


It appears that, in common with other 
Motorola microprocessors, the 68705s have 
their processor registers implemented as 
dynamic storage registers, which require 
refresh operations even more frequently than 


ISee Figure V6! 


{a) Zero-Crossing Interrupt 


ac Input (Curent 
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Apprommately 25% 10 90% Accuracy 
Typical teye = 1.25 as 
Externai Jumper 


5] xTAL 
MCEB0EP6 
MCU 
{Resistor Mask 
Option) 


4) EXTAL 
No 
Connection 


Approximately 10% to 25% Accuracy 
External Restor 
(Excludes Resistor Tolerence) 


does normal dynamic RAM. This require- 
ment imposes a lower limit on the master 
oscillator frequency used. 400kHz is the 
lowest master oscillator frequency that is 
guaranteed to retain data in all chips released 
for sale, This frequency is divided by four to 
generate the processor clock whose period, 
eyes is the basic measuring interval for 
instruction execution time and external 
signal compatability calculations. The 
highest master oscillator frequency that the 
chip can cope with is 4.2 MHz, which allows 
a margin of safety when a standard 4MHz 
crystal is used. The upper and lower limits for 
the processor clock frequency are thus set at 
1MHz and 100kHz respectively. 


TABLE 2 


INTERRUPT & RESET VECTORS 


[iererupt | Prorty Vector Address 


TIMER/INT2| 4 |S FFB and $FFS 


* Priority 2 applies only when the 1-bit in the Condition Code 


Register is set (as when a service routine is occurring). When | = 0 
and ail interrupts are being accepted. SW1 has a priority of 4 (like 
any other instruction}. The priority of INT thus becomes 2 and the 
timer becomes 3 


RESETS 


The internal circuitry connected to the 
RESET pin includes a resistive pull-up and a 
Schmitt trigger input to further logic. On 
powering up the IC, an external capacitor 
connected to the RESET pin is charged via 
the pull-up resistance until the voltage on the 
RESET pin reaches the high-going threshold 
voltage of the Schmitt trigger, at which point 
the Schmitt trigger’s output changes state, 
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Asim Z]INT MCU 
ac Input = A 

10 Vac pp 0110 


Figure 4. Two recommended layouts for 
crystal and load capacitors. 


removing the internal Reset signal that has 
been asserted up to that point. The delay 
provided by the charging of a 1 u capacitor is 
ideally sufficient to allow the master 
oscillator to stabilise before removing Reset, 
but, in the event of slow oscillator start-up, 
this capacitor can be increased to 2u, and 
perhaps beyond, without any il-effects being 
detectable. 

For a “‘warm-start’”’ Reset, the capacitor 
can be grounded by either a manual! switch or 
an open collector TTL output. The voltage 
on the RESET pin must be pulled below the 
Schmitt trigger low-going threshold, (about 
1.6V), for a period longer than one processor 
clock cycle, toy¢, for the Reset to be effective. 
There appears to be no practical limit to the 
length of time that the processor may be held 
in the Reset state, nor any need to 
synchronise the removel of Reset to any 
other event. 

When a Reset is recognised during normal 
operation, the current instruction is not 
completed before the program is aborted. 
The SP is reset to 07 FH, the I-bit in the CC 
register is set, any pending interrupts are 
cleared, the main down counter of the Timer 
is set to all‘ 1s", as is the Prescaler, all DDRs 
are cleared, all secondary interrupt mask bits 
are set, and the remaining bits of the TCR are 
also all set. When the internal Reset signal 
becomes inactive, the contents of the MOR 
are loaded into their destinations in the 
oscillator circuitry and the TCR before the 
Reset vector is fetched from the top of 
memory and loaded into the PC. Program 
execution then commences from the location 


inted to by the PC. 
Be . E& CM 


DECEMBER 1983 


‘OnP]UsWINIOp 
JO 128 SaTsUayaIdUIOD & YIM 3)9,dUIOD soUIOD 
pue dad os 13 suid ce'6L¥ Ssoo IY OY 
‘TTAS WopuoT ‘yormpnq 
‘peoy purjda 91 3 ‘SOW wor Ty eB se 
ATQU[IBAe ST W}SAS ZOS9 PreOg a[suls sy 
way}shs 34} JO UONITIYsUOD By} SquDsep 
pue jrelop ul sy] ouIwexe [],om YUOW 
JXON ‘WSISAS dy] JO WeIdeIP yd [TY 
ay) smoys | 3Ey ‘oiInadde mod yoyM 0} SNE 
welszeig }INIII 
"10}99UUOD peog 
ay) BIA UsALIp oq Aeu ydruaquI s}qeysew 
qiou ey} pue uayoiq oq pjnoys TANT 
UIT 34] sosed esey) Ul “QOQENVL 3usn 
oq jou A[qeqoid j[Im suoneoydde jermeds 
ul idnuaqur s[qeysew-ou 94) SuIsn 3yeid 
AUdUOS TIM OYM SIOSQ WeIZ01d Josn & Ww 
pasn aq Jou pynoys iJ ‘sjulodyveiq pue suon 


-ONISU afsuIs SuNNIexe UsYM ONANVL- 


Weigold JO}IUOU 3y} AQ pasn st AUTO’ STL 
ydnii3j01 ojgeysem-uou patejsq (3) 
‘€ddd VOT 
uononnsul ay} Aq peal st Lod preoqAay ou], 
‘psmdsexe aq pnoys QUA VLS Uononysul 
Ajquiasse ay) Bey Jdniiojur pseoqhoy oy) 
Jasal OT ‘aqoNs prveogAsy JOLIN B 19,1891 0} 
Apead SI }I JBY] J9pIO Ul P9}Da}9p pue jos UZ0q 
sey Hoye Fey idnsojur preogAsy 9} 39891 0} 
Aressaoou aq [JIM 11 YSnoy) posn st onbruyos} 
Jaaayoy AA Burpjod aremyos Aq 40 Jdnuayu 
ue Aq Joye posyajep oq uRd pivogéay 
olsumueyde ue woly aqons eB sny} Sod 
indut preogAsy oy} Surpess Aq Bey ay) pear 
0} afqissod st yy JdneqU! Ue 97B10UN03 Jou [IM 
ynq Jas aq [NS [IM Bey ydnuazur preoqAay 
3} Usy} Ps[qeus jou are s}dnayUl J] “BdtAep 
JayjO sWOS JO preogday oy) Aq polesoued 
sem jdnJ9}UI dy) JOU JO IaYIOYM 389} 01 qd 
ayy Moye way} [[IM Lod yndur preogAey amp 
SUIPESY “aqons prkeogAay ay) Aq poyesoucs 
aq [is idnisqur ue ust 1) qD eu} Ul perqeue 
aie sjdnuaqu jy od yndur preogfay amy 
07 11g Indut yIYSta oy} suUIOJ pue Bey IdnasajUT 
preogAay ay} st dog-dyy sty jo indyno ayy, 
‘(doy-diy idnuajur preoghey 2y}) doy-diy 
B YOO]D 0} pasn st pivogAsy ay1 WOI oqons 
al} preoqAey oLiaumnueydy|e oy) Jursn usy AA 
“preogAay Jo sadAq y30q 10j pasn st yod yndur 
a4L '7T4Ad V.LS uonannsut epoo Ajquiasse 
ay] dsunnsaxa Aq pasn si yod yndqno siz 
pedAay Ady QZ 94} ZuIqons 10] ATUO pasn 
st wod yndjno ayy yy0s prvogAay oy] uO 


yiod yndyno pue yndur ue yj}0g si ato], Bayo 
jdnis9}U) pu 93]1M ‘peas przoghayy (q) 
‘€AIG VLS UoNonNsu! spoo A[quissse 
ay] Sunndexa Aq Jo poumy ase sorydess nun 
Jg}oVseyo soiydesz e aq pM Aeydsip 07 us 
ust} Jojoereyo yoe gd “Odd VAT sononnsul 
apoo Ajquiesse ay) 3uNNdexe Aq uo sorydess 
ay] wim Apisiy 0} st Aepdstp at] 0} sJajoRreqo 
sorydes3 3111M 0) posmbel suoneiado ayy, 
‘deorpuey e jo 
qonur 00} 9q 0} saoid yOu pynoys sity] AemAue 
payjouos Ayjorei ore sotydes3 3urureyuo0o 
skejdsip sy ‘sorydesd Sururequoo sXejdsip 
JJO19s 0} aTqrssod jou st yt Apeutp y1q sorydess 
ay} peal JouUeD (F)q2D 3] osnedeg “I9}ORIBYD 
sorgders e@ se papodep aq [Im AlouaU 
Aedsip ay} 0} us} Joey Yoes uoNIsod 
uo 9y) ul st doy-diy sonpdes3 ayy ft o10jor0y 
‘diyo WV ZOIZ 94) 0} indur Byep oyp st 
yor jo jndjno ap ‘doy-diy g-y ue jonuocs 
syiod O/T yo sarydes3 pue uo sorydeis oy |, 
wonrtsod [[9d so}OBIeYO 9} UT ‘sTaxid 
$ xX 7 Jo yoolq sorydess e dn pying 0} pasn 
PBdISUT SI3Ng 19}9BIBYO [JOS V Ue SB papoossap 
Jou sl peal ajhq eBep oy} sUO dIZO] B SI 
Iq sorydes3 Jo 41q yUTU ay} UONRDO] Aejdsrp 
uleyeo eB ye J] ‘UoNdo somdes3 ayy ul diyo 
Wvw #4 1X MAI COL? OY) Wor SaUIOS Hq 
qIUTU STYL. “AdO ay) Aq 0) uaIM aq ATUo ued 
YOY 1Q IYUIU B JOABMOY SI aIBY] “IaIOeIBYyd 
P2pod [TOSV ue aq 0} ax4q YoRa Jo s}Iq 
UdAIS W100 3y} S}oIdI9}UT PUB SUIT B 3B 9}AQ 
2 Alowaw Av[dsip 3y] Speos 19[[0.UOS Ysaljol 
Avldsip sy, yJO pue uo sorqdein (ve) 


TWIN} Ul Udy!) 9q [JIM asey) jo suo yorg 
‘(syulodyeaig pue UO INSU! afZuls 10] posn) 
jdnuayul ayqeyseul-iou padejap pue svajo 
sey ydniiajur preogAay “a}LIM pue peal preog 
-Aoy ‘YO pu’ uo sorydess [oNUOD asoy} pur 
pseog dD 21 uO pesn syod [ersydued xis 
ale aay], Jryasn st suiod G/] preoqg-uo sm 
jo aspaymouy & Jnq Jasn 3y) 0) adUenbasuod 
ou Ajjeai jo st slempiey WIOY Puke WVY 

“SyUT] 9914] Asay) IND 01 A1essad9U 
AyUO SI 1 ¢g URJOIDI 3ayy AjIpOW OT 
“CQ UBIOINT 3qi UO JOU puke preog XANVL 
24] uo payomuos st Suiddew Aloweuw 
]]@ ‘Jsaomoy posn SI XAN VL Vey ‘WslsAs 
ay) uo deur ssaippe sty} ul alm 0} pasn 
ole SUT] BINT, “PLY Pue CTW siq Sssomppe 
quesyiusis ysow oy] se 3uiddew Asowsul 
JO} pasn sjiq om) ay] ‘dew smp jomuos 
0] Alessooau ase snq ssoIppe ou jo siIq 


Om) ATUO 210Ja19} pue syd0O]Q 9e1U} ATUO OUT 
Poplalp si deds ssosppe otf} Uses oq UR SY 
‘usISap 
Ayyduis 0) s0eds ssamppe Sr 24} JO seaIe 
peuljep yYsnosy} yeadal 0] pamoyje ase samp 
aU} JO Yea Cg ULJOIONU 3} UO SUOTIEDO] C/I 
9 pue WOU Al WVua HI Aluo st sso sy 
‘preog uotsuedxe KXAN YL 24) NOM pesn 
Udy M ‘SUT ILM 997) Aq prvOg-UO paTjo.nUOD 
st wioisXs oy jo Suiddew Arowsayy 
POpUdIUI ULY} MOI JUDIAYIP B OO 
mdjno 3q Aeul Ja}oeIeYyD 3y} pue AT;eoNeU 
-oine syjorss Aeidstp oy] yey} Jequiourel 
Aejdsip oy} OyuT sis]dereYD PEROT O} JY pueUl 
409 Ajipow AowsW SOOGNVL sutsn 
JE ZAE UoNBoo] Asowsw ur peseyd oq prnoys 
(A 10J) LE 9pod TIOSW ey) vey uUMjoo 
ply} MOI WIOWOG ay) Ul .M,, JeIeIBYo 
2U} 3L1M 0] pasmbal sem yt jt ‘ajdwexe 104 
UONBIO] AIOWOU 1091100 9Y} UT JaJOBIeYO 
yey} JOJ ‘IaAa}BYM JO ‘pod [JOS V 3y) oyUM 
IsNW Jasn 34} Ae[dsip oy} Ul [[99 Ja;0eIBYO 
B OU! Jo}OvIeYS IeNonIed eB aM OL 
“Uo OS 
pue mol do} oy ul uoNtsod 19]9e1eYy puoses 
ay] SI [QZ UOHBOOT ‘UONIsod s9}oRIeYD 
JauIOS puey Yay doz ay} st OOZ UONRDO'T “AE 
x9] 0} QOZ UONBIO] Koy WOY st yey} ‘AIOWOUW 
Aejdsip ay) se posn ore doeds ssaippe oy 
JO ¢ pue Zso8eg :Aejdsip poddew A1owsyy 
jAeidsip amp 
sunjasdn jnoyym poaads [nj 18 uns [[IM WI pue 
Asoursul Avy dsip ut saprsal Jey) wessosd & und 
0} afqissod st I JORJ UT “DIZO] Ysoyos Avydsip 
pue sossaso0id usemjoq Aroweu Aeydsip 
0} SS89908 JO JOIJUOD OU SI dIay} asnRIEq 
SISTY], ‘Soysey pue sjods ‘sojyoods Suréouue 
wioy sol st Aedsip ssajndwoo ey yey) 
suba SIU], ‘Si9joeIeYS so1ydess 10 OLaWINU 
-eyd]e se s]U9}U09 AIOWIOU sapodap pur su 
B 38 UOTBDO| sUO ‘AJOWOU Aeldstp ay} spear 
sO] NCA oy} 9W sIy) Sutin “pordayes 
you st AIOWISU 3} MO] SI ZO USYAA ‘YSIY 
SI Z7Q.UIYM 9I YDO[O oy) Jo aseYyd auUO UO 1Nd90 
AyUO []IM sassedoe AIOWIAU se 7QS9 ay YH 


aUOP 3q UBS SIP] “3781 YDO[D Jossa00I1d amy 
78 SUIYOYAS SI Joxajdninul ssaippe oy} ye} 
ST USISOp aun Jo Joodse JURLOdUIT JsoW ay, 
‘s1eynq 
SSOupp® 918)sS-1 pue s1Z0] QCA ‘soRjsaquI 
preogAoy ‘weiZold Jasn pue Aiowew Aejdsip 
Jo} pesn si yoga WY MI “‘ONGNVL 
SUIUIBIUOD POY WI ‘Jossesoidois1w 7QS9 
dy] sureyuod wa}sks popuedxe Alin] V 
“sopowl 
SuUISsoIppe pue jes UOT}ONASUT [NJIomod 
AIOA B SBY OSTE ZOSO BY) ‘MOU [[LM SIopeal 
Jsou sB ‘asInod JO ‘aINjonys sleMpieYy 
quesaja yah adults AI3A sy Joy ATUTeEW 
uasoyd sea Jossaz0idoionM 7QS9 xUL 
‘03 piom oy} WO 
pasn aq 0} preogAoy ooumuUeYdye ue smoyye 
si] pue QCA Pivoq4o ue sajyesodioour 
B10J919Y1 PIVOG 9YT ‘aSN 0} YWNIYJIp 
sem Ng O/| [a][e1ed sey yey} suo URY} JayVeI 
asn 0} Aska SBM Je} Wa}SAS B WIOI WJSUIq 
Ayjeqtur pinom Jayndwod preoq a[surs e 
jo siasn jo Aqofe ul oy] BY) Poroprsuod sear I] 


SdUILNO usiseg 


uoneordde 
jo sear ayqissod pur pieoq ay} jo uon 
-Onysuod ‘UoNeJado JINIIID paylejap aquosep 
1,24 SJUSWTTeIsul yueNbasqns uy ‘wesdeIp 
yNoD Ss preog ay) YUM J9yIeIO] wa}sAs 
24} JO MATAIOAO UB JUaSaId aM YUOW SITY] 
wayshs paseq 709 a[qQupuedxe 
Ay[ny B@ jo sjsisuod pue suoneoydde Jaye] 
24} 10} psusisep st ‘sanssi Juanbasqns ur pur 
‘194 poquosap Joyndwos preog aisuls sy 
‘suonevorydde josuos Ausuidojanep snoLias 
aJ0W Ul asN YONW jo OU Inq ‘sawed BurAeld 
JO} duly ‘ammponns O/] sqQ!suss Aue uo 
ury} suoneisues punos Addez pue sAeydsip 
INOJOD sB YSNs Sainjesj SopsSIyM PUB sTTIQ, 
uo siseyduis sow 90e|d ‘suondaoxsa ajqeiou 
MO B YIM Jey. susajsAs 19ynduids esodind 
[eiauas YM padurems si Aepo} joyxIeW OL 


‘suiayshs saynduioD stuelOISTW YIM UONDUN{uOD 
UI polussoid pavog 10ssad01d paseq Z0C9 INeSIOA Y 


$9 NVLOWOIW 


DECEMBER 1983 


94- ELECTRONICS & COMPUTING MONTHLY 


fe 


processor card. A full description of the 
circuits action follows next month. 
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Figure 1. Full circuit diagram of the 6502 
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If you're still staggering through the computer jungle and not getting 


“THERE IMVIUST BE A 


COMPUTER DEALER | CAN 
TURN TO FOR 
GUIDANCE...) 


sensible answers to your questions, we have some good news: 


Now you can turn to professional people who are capable of giving you 


sound advice on practically all aspects of popular computing. 


They all have one thing in common: 
They are COMPUTERS FOR ALL dealers 


A Computers for All dealer is different from the normal Computer retailer. 


The shops where people matter: 
AVON 


MERCATOR COMPUTER 
SYSTEMS 


BITS AND BYTES | 


COMPUTER SYSTEMS 
(TORBAY) 


BERKSHIRE 


ct WARD 


DORSET 


OENSHAM COMPUTERS 


CHESHIRE 


THE COMPUTER CENTRE 


CORNWALL 


COMPUTAVISION 


CHELMSFORD 
COMPUTER CENTRE 


A& 0 COMPUTERS 
COMPUTERS FOR er 


HANTS 
gyri VIDEO STUDIOS 
Street, Alton, Hants 


HERTS 
a CITY 
5-47 fag 


DATA STORE 
hatterton Ad., Bromley, Kent 


stationery or sealing wax. 


Not surprisingly he won't try to sell you things like cameras or cosmetics; 


He will, however, be capable of answering sensibly almost any question 


you have on computers and computing, and have readily available a wide 
range of popular computers, hardware, software, books, and peripherals. 
So why not call in at your local COMPUTERS FOR ALL dealer today? 


LEICS 
DIMENSION 
Street, Lescester 


MOVIES COMPUTER CENTRE 
5 Church § , Melton Mowbray 
0664 611 


LONDON 
EROL COMPUTING 
125 High Street. ¥ 
h = 
KAYDE HOME COMPUTERS 
1 Station Approach aw Eitharn 
jon SES. 01- 
LY'S CO! PUTERMARKET 


MICRO ANSWERS uD 
Witton Road, Victoria 


MIDDLESEX 


SCREENS 
MICROCOMPUTERS 


OXFORDSHIRE 


SCIENCE STUDIO 


SURREY 


ANIROG COMPUTERS 


Old Coach House. B 
Sutton, Surrey. 01 


SNOW-BEECH 
Ea id Ri 


SUSSEX 


WORTHING COMPUTE Ss 
a \ 


MICRO-CARE COMPUTING LTD. 
18 Baneswell Rd., Newport, 
Gwent NPT 4BP_ 0633 50482 


He can lead you in the direction you want to travel. 


TRYFAN COMPUTERS LTD. 
57 Mad a 
Llandu 


WARWICKSHIRE 


pyres MICRO of Wineg ay 


19, 
W. MIDLANDS 
CALISTO ent bho 
119 John Bi at 
Hades 
021-632 6458 


0203 7381 


WORCESTERSHIRE 


EVESHAM COMPUTER 


int Yard, Bridge St. 
0386 48635 


EMPIRE ELECTRO CENTRES 
Bradford 


